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PREFACE. 


The  last,  or  fiflh  edition  of  this  work,  was  published  in 
February  1856,  eo  that  nearly  ten  years  have  since  elapsed. 
I  have  allowed  it  to  remain  several  years  out  of  print,  having 
been  much  occupied  in  travelling  through  variouB  parte  of 
Europe,  and  latterly  in  writing  my  "  Geological  Evidences  of 
the  Antiquity  of  Man,"  as  well  as  the  appendices  to  the 
second  and  third  editions  of  that  treatise.  In  the  interval 
since  1855  I  have  published  several  supplements  to  the  "  Ele- 
ments," the  contents  of  which  are  now  incorporated  in  this 
work.  This  and  other  new  matter,  illustrated  by  more  than 
50  new  woodcuts,  has  added  130  pages  to  ^e  volume,  which 
has  thus  ou^rown  the  dimensions  usually  assigned  to  a 
Manual.  I  have,  therefore,  restored  to  the  book  its  original 
title  of  "  The  Elements  of  Geology,"  under  which  name  it 
first  appeared  in  1838,  when  it  consisted  of  an  expansion  of 
the  fourth  book  of  my  "Principles  of  Geology,"  which  had 
at  that  time  reached  a  fifth  edition. 

The  "Elements"  were  successively  re-edited,  and  in  each 
case  to  a  great  extent  recast,  in  the  years  1842,  1851,  1852, 
and  1855.  On  former  occasions  I  have  given  a  list  of  the 
principal  corrections  and  additions  in  which  each  new  edition 
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differed  from  ita  predecessor,  but  I  shall  not  attempt  to  offer 
the  reader  euch  a  Bummary  in  the  present  case,  fearing  that 
that  would  prove  tediously  long." 

A  full  index  is  given  in  this  as  in  former  editions,  and 
the  student  will  observe  that  all  the  organic  remains  of  which 
there  are  woodcut  figures  in  the  t«zt  are  printed  in  italics 
in  the  index. 

CHAELES  LTELL. 


*  Aa  it  is  impooible  to  «iMble  the  reader  to  reeognlis  rock*  and  uiDerali  at 
light  hj  aid  of  verbal  deicriptiaiu  or  flgnres,  he  will  do  well  to  obtaia  a  nell- 
arranged  collection  of  ipecimeni,  such  aa  may  be  procnred  fnm  Mr.  Tennant 
(149  Straad),  teacher  of  Mineralogj  at  King'e  College,  London. 
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formity of  mineral  character— ffby  the  metamorphie  strata  ore  leas  calcareon* 
than  the  foa^iferons 749 
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Ocohgj  defined  —  Saccenfye  formation  of  the  earth's  cnut — ClassIficatloQ  of  rockt 
mcrding  to  their  origin  and  age  —  Aqoeoni  rocki — Their  itnxiflcation  and  im- 
bedded (bails — Volcanic  n>cki,  with  and  without  conea  and  ciaten — Hntonic 
ncki,  and  their  relstioa  to  the  volcanic —  Metamorphic  rocka,  and  their  probable 
erigin — The  term  piimiliTe,  whjetroiiooiul;  applied  to  the  ci^italliiHiAvinBtioDi 
—Leading  diTiuon  of  the  work. 

Or  what  materials  b  the  earth  composed,  and  in  what  manner  are 
these  materials  arranged?  These  are  the  first  inquiries  with  which 
G«ilog;r  is  occupied,  a  science  which  derives  its  name  from  the  Greek 
y^^tbeearth,  and  Xoyoc, '(>&''>'*  adjscourse.  Previouslj  to  experience 
we  might  have  imagined  that  iuTestigations  of  this  kind  would  relate 
cxclnsiTelj  to  the  mineral  kingdom,  and  to  the  various  rocks,  soils, 
and  metals,  which  occur  upon  the  surface  of  the  earth,  or  at  various 
depths  beneath  it.  But,  in  pursuing  such  researches,  we  soon  find 
Dimelves  led  on  to  consider  the  successive  changes  which  have  taken 
place  in  the  former  stale  of  the  earth's  surface  and  interior,  and  the 
causes  which  have  given  rise  to  these  changes ;  and,  what  is  still 
more  singular  and  unexpected,  we  soon  hecome  engaged  in  researches 
into  the  history  of  the  animate  creation,  or  of  the  varions  tribes  of 
animals  and  plants  which  have,  at  different  periods  of  the  past,  in- 
habited the  globe. 

All  are  aware  that  the  solid  parts  of  the  earth  consist  of  distinct 
tabstances,  such  as  claj,  chalk,  sand,  limestone,  coal,  slate,  granite, 
and  the  like ;  but  previously  to  observation  it  is  commonly  imagined 
that  all  these  had  remained  from  the  iirst  in  the  state  in  which  we 
,  now  see  them, — that  they  were  created  in  their  present  form,  and  in 
their  present  position.  The  geologist  soon  comes  to  a  different  con- 
dosiott,  discovering  proofs  that  the  external  parts  of  the  earth  were 
Dot  aU  produced  in  the  banning  of  things  in  the  state  in  which  we 
Wir  behold  them,  nor  in  an  instant  of  time.  On  the  contrary,  lie 
can  show  that  they  have  acquired  their  actual  configuration  and  con- 
ililMin  gndiially,  tmder  a  great  variety  of  circumstances,  and  at  suc- 
KSBve  periods,  during  each  of  which  distinct  raoes  of  living  beings 
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hare  flourished  on  the  land  and  in  the  waters,  the  remains  of  these 
creatures  still  lying  buried  in  the  crust  of  tho  earth. 

B7  the  "  earth's  crust,"  is  meant  that  small  portion  of  the  exterior 
of  our  planet  which  is  accessible  to  human  observation,  or  on  which 
we  are  enabled  to  reason  bj  observations  made  at  or  near  the  surface. 
These  reasonings  may  extend  to  a  depth  of  several  miles,  perhaps  ten 
miles ;  and  even  then  it  may  be  said,  that  such  a  thickness  is  no 
more  than  f^  part  of  the  distance  from  the  surface  to  the  centre. 
The  remark  is  just;  but  although  the  dimensions  of  such  a  crust  are, 
in  truth,  insignificant  when  compared  to  tlie  entire  globe,  jet  they 
are  vast,  and  of  magnificent  extent  in  relation  to  man,  and  to  the  or- 
ganic beings  which  people  our  globe.  Referring  to  this  standard  of 
magnitude,  the  geologist  may  admire  the  ample  limits  of  his  domain, 
and  admit,  at  the  same  time,  that  not  only  the  exterior  of  the  planet, 
bot  the  entire  earth,  is  hat  an  atom  in  the  midst  of  the  countless 
worlds  surveyed  by  the  astronomer. 

The  materials  of  this  crust  are  not  thrown  together  confusedly; 
but  distinct  mineral  masses,  called  rocks,  are  found  to  occupy  definite 
spaces,  and  to  exhibit  a  certain  order  of  arrangement.  The  term 
rock  is  applied  indifierently  by  geologists  to  all  these  substances, 
whether  they  be  soft  or  Btony,  for  clay  and  sand  are  included  in  the 
term,  and  some  have  even  brought  peat  under  this  denomination. 
Our  older  writers  endeavoured  to  avoid  offering  such  violence  to  oar 
language,  by  speaking  of  the  component  materials  of  the  earth  as 
consisting  of  rocks  and  toilt.  But  there  is  often  bo  insensible  a  pas- 
sage ^m  a  soft  and  incoherent  state  to  that  of  stone,  that  geologists 
of  all  countries  have  found  it  indispensable  to  have  one  technical 
term  to  include  both,  and  in  this  sense  we  find  roche  applied  in 
French,  rocca  in  Italian,  and  /elsart  in  German.  The  beginner, 
however,  most  constantly  bear  in  mind,  that  the  term  rock  by  no 
means  implies  that  a  mineral  mass  is  in  an  indurated  or  stony  con- 

'llie  most  natural  and  convenient  mode  of  classifying  the  various 
rocks  which  compose  the  earth's  crust,  is  to  refer,  in  the  first  place, 
to  their  origin,  and  in  the  second  to  their  relative  age.  I  shall 
therefore  begin  by  endeavouring  briefly  to  explain  to  the  student 
how  all  rocks  may  be  divided  into  four  great  classes  by  reference  to 
their  different  origin,  or,  in  other  words,  by  reference  to  the  diSerent 
circumstances  and  causes  by  which  they  have  been  produced. 

The  first  two  divisions,  which  will  at  once  be  understood  as  natural, 
are  the  aqueous  and  volcanic,  or  tlie  products  of  wateiy  and  those  of 
igneous  action  at  or  near  the  surface. 

Aqueotu  rocka. — The  aqueous  rocks,  sometimes  called  the  sedi- 
mentary, or  fossil iferouB,  cover  a  larger  part  of  the  earth's  surface 
than  any  others.  These  rocks  are  itTotified,  or  divided  into  distinct 
layers,  or  strat4b  The  term  itratum  means  simply  a  bed,  or  any 
thing  spread  out  or  ttremd  over  a  given  surface  ;  and  we  infer  that 
these  strata  have  been  generally  spread  out  by  the  action  at  water, 
from  what  we  daily  see  taking  place  near  the  mouths  of  river^  or  on 


iX.'ooglc 


Cm.  L]  AQDEODS  BOCKS.  3 

tlie  Imad  dorin;  temporary  innndatienB.  For,  vhenerer  &  numiDg 
ilre«m  chw^ed  with  mad  or  s&ad,  has  hs  velocity  checked,  as  when 
it  enters  &  lake  or  sea,  or  overflows  a  plain,  the  sediment,  previonely 
held  ID  anspension  by  the  motion  of  the  water,  sinks,  bj  its  own 
gravity,  to  the  bottom.  In  this  manner  layers  of  mad  and  sand  are 
thrown  down  one  apon  another. 

If  we  drain  a  lake  which  has  been  fed  by  a  small  stream,  we  fre- 
quently find  at  the  bottom  a  series  of  deposits,  disposed  with  cond- 
derable  regalarity,  one  above  the  other ;  the  uppennoat,  perhaps,  may 
be  a  stratum  of  peat,  next  betbw  a  more  dense  and  solid  variety  of 
the  same  material ;  alill  lower  &  bed  of  shell-marl,  alternating  with 
peat  or  sand,  and  then  other  beds  of  marl,  divided  by  layers  of  clay. 
Sow,  if  a  second  pit  be  sunk  through  the  same  continnous  lacnstrine 
formation,  at  some  distance  from  the  first,  nearly  the  same  series  of 
beds  »  commonly  met  with,  yet  with  alight  variations ;  some,  for  ex- 
ample, of  the  layers  of  saod,  clay,  or  marl,  may  be  wanting,  one  or 
more  of  them  having  thinned  out  and  given  place  to  others,  or  some- 
times one  of  the  masses  first  examined  is  observed  to  increase  in 
tludiDess  to  the  ezdnsion  o{  other  beds. 

The  term  "formation,''  which  I  have  used  in  the  above  explana- 
tioD,  expresses  in  geolt^y  any  assemblage  of  rocks  which  have  some 
character  in  common,  whether  of  origin,  age,  or  composition.  Thns 
we  ^ak  of  stratified  and  unstratified,  freshwater  and  marine,  aqueous 
ind  volcanic,  ancient  and  modem,  metalliferous  and  non-metallifer- 
Dus  formktions. 

In  the  estuaries  of  large  rivers,  such  as  the  Ganges  and  the  Missis- 
sippi, we  may  observe,  at  low  water,  phenomena  analogous  to  those 
of  ttte  diwnod  lakes  above  mentioned,  but  on  a  grander  scale,  and 
extending  over  areas  several  handred  miles  in  length  and  breadth. 
When  the  periodical  inandations  subside,  the  river  hoUows  out  a 
channel  to  the  depth  of  muiy  yards  through  horizontal  beds  of  clay 
and  sand,  the  ends  of  which  are  seen  exposed  ia  perpendicular  cliffs. 
These  beds  vary  in  their  mineral  composition,  or  colour,  or  in  the 
fineness  or  coarseness  of  their  particles,  and  some  of  them  are  occa- 
sioDsUy  characterized  by  containing  drift  wood.  At  the  junction  of 
the  river  and  the  sea,  especially  in  lagoons  nearly  separated  by  sand 
bars  from  the  ocean,  deposits  are  often  formed  in  which  brackish- 
water  and  salt-water  shelU  are  included. 

In  Egypt,  where  the  Nile  is  always  adding  to  its  delta  by  filling 
■p  pari  of  the  Uediterraneon  with  mud,  the  newly  deposited  sedi- 
ment  ie  ttrattfitd,  the  thin  layer  thrown  down  in  one  season  differing 
sligbtlj  in  colour  from  that  of  a  previous  year,  and  being  separable 
bmu  it,  as  faas  been  observed  in  excavations  at  Cairo,  and  other  places.* 

Vben  beds  of  sand,  clay,  and  marl,  containing  shells  and  vegetable 
matter,  are  found  arranged  in  a  similar  manner  in  the  interior  of  the 
earth,  we  ascribe  to  them  a  nmilor  origin;  and  the  more  we  examine 
their  characters  in  minute  detail,  the  mcwe  exaot  do  we  find  the  re- 
(onblance.     Thus,  for  example,  at  various  heights  and  depths  in  the 

*  8m  Frindptw  of  Gcologj,  bj  the  Aathor,  Index,  "  Nile,"  ■*  Biven,"  3cc 
bS 

i.,|.,  II,  L.OOgIc 


4  AQUEOUS  BOCK8.  [Co.  L 

earth,  utd  often  far  from  seas,  lakes,  and  rivers,  we  meet  vith  layers 
of  rounded  pebbles  composed  offllnt,  limestone,  granite,  or  other  rocks, 
resembling  tLe  shingles  of  a  sea-beacborihe  grard  in  a  torrent's  bed. 
Such  layers  c^  pebbles  frequently  ahemate  with  others  formed 
of  sand  or  fine  sedimeat,  just  as  we  may  see  in  the  channel  of  a  river 
descending  from  hills  bordering  a  coast,  where  the  current  sweeps 
donn  at  one  season  coarse  sand  and  grav^  white  ftt  another,  when 
the  waters  are  low  «Dd  less  rapid,  fine  mud  and  sand  aJone  are 
carried  seaward.* 

If  a  stratified  arrangement,  and  the  rounded  form  of  pebblos,  are 
alone  suf&ment  to  lead  as  to  the  conclusion  that  certain  rocks  origi- 
nated uodear  water,  -this  opinion  is  forther  >confinned  by  the  distinct 
and  independent  evidcace  of  yiurift,  so  abundantly  induded  in  the 
earth's  crust.  By  tt/ottil  is  meant  any  body,  or  the  traces  nf  the 
existence  of  any  body,  whether  animal  or  vegetaUe,  which  hae  been 
buried  in  the  eartli  by  natural  causes.  Now  the  remains  of  animals, 
especially  of  agnatic  species,  are  found  almost  everywhere  imbedded, 
in  stratified  rocks,  and  sometimes,  in  the  ease  of  limestone,  they  are 
in  such  abundance  ae  to  constitute  the  entire  mass  of  the  rock  itself. 
Shells  and  corals  are  the  most  frequent,  and  with  them  are  often 
associated  the  bones  and  teeth  of  fishes,  fragments  of  wood,  im- 
pressions of  leaves,  and  other  oi^nic  snbstanees.  Fossil  shells,  of 
forms  such  as  now  abound  in  the  sea,  are  met  with  far  inland,  both 
near  the  surface,  and  at  great  depths  below  it.  They  oceor  at  all 
heights  above  the  level  of  the  ocean,  having  been  observed  at  eleva- 
tions of  more  than  8900  feet  in  the  Pyrenees,  10,000  in  the  Alps, 
13,000  in  the  Andes,  and  above  18,000  feet  in  the  Himalaya.-)- 

These  shells  belong  mostly  te  marine  testaoea,  but  in  some  places 
exclusively  to  forms  characteristic  of  lakes  and  rivers.  Hence  it  is 
concluded  that  some  ancient  strata  were  deposited  at  the  bottom  of 
the  sea,  and  others  in  lakes  and  estuaries. 

When  geology  was  first  cultivated,  it  was  a  general  belief,  that 
these  marine  shells  and  other  fossils  were  the  efiects  and  proofs  of 
the  deluge  of  Noah;  but  all  who  have  carefully  investigated  the 
phenomena  have  long  r^ected  this  doctrine.  A  transient  fiood 
might  be  supposed  to  leave  behind  it,  here  and  there  upon  the  surface, 
scattered  he^M  of  mud,  sand,  and  shingle,  with  shells  confusedly  in- 
termixed ;  but  the  strata  containing  fossils  are  not  superficial  depo- 
sits, and  do  not  simply  cover  the  earth,  but  constitute  the  entire  mass 
of  mountains.  Kor  are  the  fossils  mingled  without  referenoe  to  the 
original  habits  and  natures  of  the  creatures  of  which  they  are  the 
memorials  ;  tbose,  for  example,  being  found  sssociated  together  which 
lived  in  deep  or  in  shallow  water,  near  the  shore  or  far  from  i^  in 
brackish  or  in  salt  water. 

It  has,  moreover,  been  a  favonrite  notion  of  some  modern  writers, 
who  were  aware  that  fossil  bodies  could  not  all  be  referred  to  the 
deluge,  that  they,  and  the  strata  in  which  tbey  are  entombed,  might 

■  See  p.  18.  Bg.  7. 
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hiTe  been  deposited  in  the  bed  of  the  ocesn  daring  the  period  wMch 
intervened  between  the  creation  of  man  and  the  deluge.  They  have 
imafriiied  that  the  aiit«diluvian  bed  of  the  ocean,  after  having  been 
the  receptacle  of  many  stratified  deports,  became  converted,  at  the 
time  of  the  flood,  into  the  lands  which  we  inhabit,  and  that  the 
ancient  continents  were  at  the  aame  time  submerged,  and  became  the 
bed  of  the  present  seas.  This  hypotheuB,  althoogh  prelerable  to  the 
dilnvial  theory  befbre  allnded  to,  since  it  admits  that  all  fossiliferous 
■trmta  were  inccessively  thrown  down  from  water,  is  yet  wholly 
inadequate  to  explain  the  repeated  revolutions  which  the  earth  has 
nndergotte,  and  the  signs  which  the  existing  contanents  exhibit,  in 
moat  regions,  or  having  emerged  from  the  ocean  at  an  era  far  more 
remote  than  fonr  thousand  years  from  the  present  time.  Ample 
proofs  of  these  reiterated  revolutions  will  be  given  is  the  sequel,  and 
it  will  be  seen  that  many  distinct  sets  of  sedimentary  strata,  hundreds 
and  sometimes  tJiouBands  of  feet  thick,  are  piled  one  upon  the  other 
in  the  earth's  crust,  each  containing  peculiar  fossil  animals  and  plants 
of  species  distinguishable  for  the  most  part  from  all  those  now 
living.  The  mass  of  some  of  these  strata  consists  almost  entirely  of 
corals,  others  are  made  up  of  shells,  others  of  plants  tnrned  into  coal, 
while  some  are  withont  fossils.  In  one  set  of  strata  the  species  of 
fossils  are  marine ;-  in  another,  lying  immediately  above  or  below, 
they  as  ckarly  prove  that  Hie  deposit  was  formed  in  a  lake  or  in  a 
brackish  estuary.  When  tlie  student  has  more  fully  examined  into 
these  appearances,  he  will  become  convinced  that  the  time  required 
for  the  origin  of  the  rocks  composing  the  aotual  cvndnents  must 
have  been  far  great^  than  that  which  is  conceded  by  the  theory 
above  alluded  to;  and  likewise  that  no  one  universal  or  sudden 
eoBTersion  of  eea.  into  land  wilV  account  for  geological  appearances. 

We  have  now  pointed  out  one  great  class  oT  rocks,  which,  however 
they  may  vary  in  mineral  composition,  colour,  grain,  or  other  cha- 
ractera,  external  and  internal,  may  nevertheless  be  grouped  together 
as  having  a  conunen  origin.  They  have  all  been  formed  under  water, 
in  the  same  manner  as  modem  accumulations  of  sand,  mud,  shingle, 
banks  of  shells,  reefs  of  coKal,  and  the  like,  and  ate  all  characterised 
1^  etntification  or  fossils,  or  by  both. 

VoUame  roekt. — The  division  of  rocks  which  we  may  next  con- 
sider are  the  volcanic,  or  those  which  have  been  produced  at  or  near 
the  KOrttiee  whether  in  ancient  or  modem  times,  not  by  water,  but  by 
the  action  of  fire  or  subterranean  heat.  These  rocks  are  for  tl^ 
most  part  unstratified,  and  are  devoid  of  fossils.  They  are  more  par- 
tially distributed  than  aqueoiu  formations,  at  least  in  respect  to  hori- 
zontal extension.  Among  those  parts  of  Europe  where  they  exhibit 
ctnnKterB  not  to  be  mistaken,  I  may  mention  not  only  Sicily  and  the 
ewMtry  round  Na^es,  but  Auvei^e,  Velay,  and  Vivarais,  now  the 
HepartmcDts  of  Pay  de  Dome,  Haute  Loire,  and  Ard€che,  towards 
the  centre  and  south  of  Fnnce,  in  which  are  several  hundred  conical 
hiDs  having  the  {actnt  of  modern  volcanos,  with  craters  mon  or  less 
perfect  oD  many  of  their  summits.    These  cones  are  composed  more- 


iX.oot^lc 


6  TOI^ANIC  BOCKB.  ZCjl.  L 

over  of  lava,  sand,  and  asheB,  aimilar  to  those  of  active  volcanos. 
Streams  of  lava  may  BOmetimeB  be  traced  from  the  cones  into  the 
adjoining  valleys,  where  they  have  choked  up  the  aocient  channels  of 
rivers  with  solid  rock,  in  the  same  manner  aa  some  modem  flows  of 
lava  in  Iceland  have  been  known  to  do,  the  rivers  «itber  flowing 
beneath  or  cntting  out  a  narroiv  passage  on  one  side  of  the  lava. 
Although  none  of  these  French  volcanos  have  been  in  activity  within 
the  period  of  tiistorj  or  tradition,  their  forms  are  often  very  perfect. 
Some,  however,  have  been  compared  to  the  mere  skeletons  of  vol- 
canos, the  rains  and  torrents  having  washed  their  sides,  and  removed 
all  the  loose  sand  and  scorite,  leaving  only  the  harder  and  more  solid 
materials.  By  this  erosion,  and  by  earthqnjtkes,  their  internal  struc- 
ture haa  occasionally  been  liud  open  to  view,  in  fissures  and  ravines  j 
and  we  then  behold  not  only  many  successive  beds  and  masses  of 
porous  lava,  sand,  and  scoria,  but  also  perpendicular  walls,  or  dika, 
as  they  are  called,  of  Tolcanic  rock,  which  have  burst  through  the 
other  materials.  Such  dikes  are  also  observed  in  the  structure  of 
Vesuvius,  Etna,  and  other  active  volcanos.  They  have  been  formed 
by  the  pouring  of  melted  fb&tter,  whether  from  above  or  below,  into 
open  fissures,  and  they  commonly  traverse  deposits  of  voleanie  tuff, 
a  substance  produced  by  the  showering  down  from  the  aii^  or  in- 
cumbent watert,  di  cand  and  cinders,  first  shot  up  from  the  interior 
of  the  earth  by  the  explosicms  of  volcanic  gases. 

Besides  the  parte  of  France  above  alluded  to,  there  are  other 
countries,  as  die  north  of  Spain,  die  south  of  Sicily,  the  Tuscan 
territory  of  Italy,  the  lower  ^enish  provinces,  and  Hungary,  where 
■pent  volcanos  may  be  seen,  still  preserving  in  many  cases  a  conical 
form,  and  having  craters  and  often  lava-streams  connected  with  them. 

There  are  also  other  rocks  in  England,  Scotland,  Ixeland,  and 
almost  every  country  in  Europe,  which  we  infer  to  be  of  igneous 
origin,  although  they  do  not  form  hills  with  cones  and  craters.  Thus, 
for  example,  we  feel  assured  that  the  rock  of  Stafiti,  and  that  of  the 
Giant's  Causeway,  called  basalt,  is  -volcanic,  because  it  agrees  in  its 
columnar  structure  and  mineral  composition  with  streams  of  lava 
which  we  know  to  have  flowed  from  the  craters  of  volcanos.  We 
find  also  similar  basaltic  and  other  igneous  rocks  associated  with 
beds  of  tuffm  various  parts  of  the  British  Isles,  and  forming  dikei, 
such  as  have  been  spoken  of;  and  some  of  the  strata  through  which 
these  dikes  cut  are  occasionally  altered  at  the  point  of  contact;  as  if 
they  had  been  exposed  to  the  intense  heat  of  melted  matter. 

The  absence  of  cones  and  craters,  and  long  narrow  streams  of 
superficial  lava,  in  England  and  many  other  countries,  is  principally 
to  be  attributed  to  the  eruptions  having  been  submarine  just  as  a 
eonriderable  proportion  of  volcanos  in  our  own  times  burst  out 
beneath  the  sea.  But  this  question  must  be  enlarged  upon  more 
fully  in  the  chapters  on  Igneous  Rocks,  in  which  it  will  also  be 
shown,  that  as  different  sedimentary  formations,  containing  each 
their  characteristic  fossils,  have  been  deposited  at  snccessive  periods, 
so  also  volcanic  sand  and  scorisj  have  been  thrown  out,  and  lavas 
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hare  flowed  over  the  land  or  bed  of  the  sea,  at  manj  difibrent  epocha, 
or  hftTe  been  injected  into  fiaaures ;  bo  that  the  igneous  as  well  as 
tbe  aqaeoua  rocks  may  be  classed  as  a  chronological  series  of  monu- 
ments, throwing  light  on  a  succession  of  events  in  the  history  of  the 
earth. 

^tttonie  Toeii  {Granite,  &C.). — We  have  now  pointed  out  the 
existence  of  two  distinct  orders  of  mineral  masses,  the  aqueous  and 
tbe  Tolotnic;  but  if  we  examine  a  large  portion  of  a  continent, 
especially  if  it  contain  within  it  a  lofty  mountain  range,  we  rarely  fail 
to  discover  two  other  classes  of  rocks,  very  distinct  from  either  of- 
tbose  above  alluded  to,  and  which  we  can  neither  assimilate  to  de- 
posits sach  M  are  now  accnmulnted  in  lakes  or  seas,  nor  to  those 
generated  by  ordinary  volcanic  action.  The  members  of  both  these 
divisions  of  rocks  agree  in  being  highly  crystalline  and  destitute  of 
organic  remains.  The  rocks  of  one  division  have  been  called  plu- 
tonic,  comprehending  all  tbe  granites  and  certain  porphyries,  which 
are  nearly  allied  in  some  of  their  characters  to  volcanic  formations. 
The  membeiB  of  tbe  other  class  are  stratified  and  often  slaty,  and 
kave  been  called  by  some  the  eryttaUine  ichitlt,  in  which  group  are 
incladed  gneiss,  micaceous-schist  (or  mica-sUte),  hornblende-schist, 
statuary  marble,  tbe  finer  kinds  of  roofing  slat^  and  other  rocks 
afterwards  to  be  described. 

As  it  is  admitted  that  nothing  strictly  analogous  to  these  crystalline 
productions  can  now  be  seen  in  the  progress  of  formation  on  the 
euth's  anrface,  it  will  naturally  be  askcd,.on  what  data  we  can  find 
a  place  for  them  in  a  system  of  classification  founded  on  the  origin  of 
rocks,  I  cannot,  in  reply  to  this  question,  pretend  to  give  tbe 
■tadent,  in  a  few  words,  an  iatelligible  account  of  the  long  chain  of 
facts  and  reasonings  by  which  geologists  have  been  led  to  infer  the 
analf^y  of  the  rocks  in  qnestion  to  others  now  in  pn^ress  at  the 
surface.  The  result,  however,  may  be  briefiy  stated.  All  the  various 
kinds  of  granite  which  constitute  the  plutoniu  family,  are  supposed 
to  be  of  igneous  or  aqueo-igneous  origin,  and  to  have  been  formed 
under  great  pressure,  at  a  considerable  depth  in  the  earth,  or 
sometimes,  perhaps  under  a  certain  weight  of  incumbent  ocean. 
Like  the  lava  of  volcanos,  they  have  been  melted,  and  afterwards 
cooled  and  crystallised,  but  with  extreme  slowness,  and  under  condi- 
tions very  different  from  those  of  bodies  cooling  in  the  open  air. 
Hence  they  differ  from  the  volcanic  rocks,  not  only  by  their  more 
oyatalline  texture,  hut  also  by  the  absence  of  tuffs  and  breccias, 
which  are  the  products  of  eruptions  at  the  earth's  sorface,  or  beneath 
teas  of  inconsiderable  depth.  They  differ  also  by  the  absence  of 
pores  or  cellulu'  cavities,  to  which  the  expansion  of  the  entangled 
gases  gives  rise  in  ordinary  lava. 

Althoagb  granite  has  of^  pierced  through  other  strata,  it  has 
nrely,  if  ever,  been  observed  to  rest  upon  them,  as  if  it  had  over- 
flowed. But  as  this  is  continually  the  cose  with  the  volcanic  rocks, 
they  have  been  styled,  from  this  peculiarity.  "  overlying  "  by  Dr.  Mac 
CoDocb ;  and  Mr.  Necker  has  proposed  the  term  "  underlying "  for 
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tlie  gnuiteB,  to  deBignate  the  opposite  mode  in  which  Qmj  ahnoat 
invariftbly  present  tlieinselves. 

Metamorphie,  or  stratified  eryslalline  rock$, — The  fourth  and  hut 
great  division  of  rocks  are  the  cr^BtaUioe  strata  and  slates,  or  schists, 
called  gneiss,  mica-schist,  claj-slate,  chlorite'Schist,  tnarble,  and  the 
liiie,  the  origin  of  which  is  more  doabtful  than  that  of  the  otb^  three 
classes.  They  conlaJn  no  pebbles,  or  sand,  or  BCoriEe,  or  angular 
pieces  of  imbedded  stone,  and  no  traces  of  organic  bodies,  and  they 
are  often  as  crjstalliae  as  granite,  yet  are  divided  into  beds,  corre- 
sponding in  form  and  arrangement  to  those  of  sedimentary  formations, 
and  are  therefore  said  to  be  stratified.  The  beds  sometimes  consist 
of  an  alternation  of  substances  varying  in  colour,  composition,  and 
thickness,  precisely  as  we  see  in  stratified  fossiliferous  deposits.  Ac- 
cording to  the  Huttonian  theory,  which  I  adopt  as  the  most  probable, 
and  which  will  be  afterwards  more  fuUy  explained,  the  materials  of 
these  strata  were  originally  deposited  from  water  ia  the  usual  form 
of  sediment,  but  they  were  subsequently  so  altered  by  subterranean 
heat,  as  to  assume  a  new  texture.  It  is  demonstrable,  in  some  cases 
at  least,  that  snch  a  complete  conversion  has  actually  tsJien  place, 
fossiliferous  strata  having  exchanged  an  earthy  for  a  highly  crys- 
talline texture  for  a  distance  of  a  quarter  of  »  mile  from  their  contact 
with  granite.  In  some  cases,  dark  limestones,  replete  with  shells  and 
corals,  have  been  turned  into  white  statuary  marble,  and  hard  clays, 
containing  vegetable  or  other  remains,  into  slates  called  mica-schist 
or  hornblende-schis^  every  vestige  of  the  organic  bodies  having  been 
obliterated. 

Although  we  are  in  a  great  degree  ignorant  of  the  precise  nature 
of  the  infiuence  exerted  in  these  coses,  yet  it  evidently  bears  some 
analogy  to  that  which  volcanic  heat  and  gases  are  known  to  pro- 
duce t  and  the  action  may  be  conveniently  called  plutonic,  because  it 
appears  to  have  been  developed  in  those  regions  where  plutonic 
rocks  are  generated,  and  nnder  similar  circumstances  of  pressure  and 
, depth  in  the  earth.  How  far  hot  water  or  steam  permeating  stra- 
tified masses  under  great  preseora  has  co-operated  to  produce  the 
crystalline  texture,  may  be  matter  of  speculation,  but  it  is  clear 
tliat  the  plutonic  lofluence  has  sometimes  pervaded  entire  mounUun 
masses  of  strata. 

In  accordance  with  the  hypothesis  above  alluded  to,  I  proposed  in 
the  first  edition  of  the  Ftinciples  of  Geology  (1833),  the  term 
"  Metamorphic "  for  the  altered  strata,  a  term  derived  from  fitra, 
meta,  trans,  and  fop^i,  tnorphe,  forma. 

Hence  there  are  fonr  great  classes  of  rocks  considered  in  reference 
to  their  origin, — the  aqueous,  the  volcanic,  the  plutonic,  and  the 
metamorphic.  In  the  course  of  this  work  it  will  be  shown,  that 
portions  of  each  of  these  four  distinct  classes  have  originated  at 
many  successive  periods.  They  have  all  been  produced  contem- 
poraneously, and  may  even  now  be  in  the  progress  of  formation  on  a 
lai^e  scale.  It  is  not  true,  as  was  formerly  supposed,  that  oil  granites, 
tc^ether  with  the  crystalline  or  metamorphic  strata,  were  first  formed, 
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and  tberefora  entided  to  be  c&lled  "  primitive,"  and  that  the  aqueous 
mad  Tolunic  rocka  vere  afterwards  super-imposed,  and  ahould,  ther&< 
five,  TKok  u  secondarj  in  the  order  of  time.  This  idea  was  adopted 
in  tbe  infancy  of  the  science,  whea  ail  formations,  wiiether  stratified 
or  onstrktified,  earthy  or  crystalline,  with  or  without  fossils,  were 
alike  regarded  as  of  aqueous  origin.  At  that  period  it  was  naturally 
ftrgned,  that  the  foundation  must  be  older  than  the  superstructure ; 
bat  it  was  aflerwardB  discovered,  that  this  opinion  was  b;  no  means 
in  erery  instance  a  legitimate  deduction  from  facts ;  for  the  inferior 
parts  of  tbe  earth's  crust  have  often  been  modified,  and  even  entirely 
changed,  by  tbo  influence  of  volcanic  and  other  subterranean  causes, 
while  snper-impoaed  fonnations  have  not  been  iu  tbe  slightest  degree 
altered.  In  other  words,  tbe  destroying  and  renovating  processes 
have  given  birth  to  new  rocks  below,  while  those  above,  whether 
cryatalline  or  fossiliferous,  have  remained  in  their  ancient  condition. 
Even  in  cities,  snoh  as  Venice  and  Amsterdam,  it  cannot  be  laid 
down  as  universally  true,  that  the  upper  parta  of  each  edifice,  whether 
of  brick  or  marble,  are  more  modem  than  the  foundations  on  which 
they  rest,  for  these  often  consist  of  wooden  piles,  which  may  have 
rotted  *nd  been  replaced  one  after  tbe  other,  without  the  least  injury 
to  the  buildings  above ;  meanwhile,  these  may  have  required  scarcely 
any  repair,  and  may  have  been  constantly  inhabited.  So  it  is  with  the 
habitable  surface  of  our  globe,  in  its  relation  to  large  masses  of  rock 
immediately  below :  it  may  continue  the  same  for  ages,  while  sub- 
jacent materials,  at  a  great  depth,  are  passing  from  a  solid  to  a  fluid 
state,  and  then  reconsolidating,  so  as  to  acquire  a  new  texture. 

As  all  the  crystalline  rocks  may,  in  aome  respects,  be  viewed  as 
bdcNigiDg  to  one  great  family,  whether  they  be  stratified  or  un- 
•tnUi&ed,  metamorphic  or  plutonic,  it  vrill  often  be  coavenient  to 
apeak  of  them  by  one  common  name.  It  being  now  ascertained,  aa 
above  stated,  that  they  are  of  very  different  ages,  sometimes  newer 
than  the  strata  called  secondary,  the  terms  primitive  and  primary 
which  were  formerly  used  for  the  whole  must  be  abandoned,  as  they 
would  imply  a  manifeat  coDtradiction.  It  is  indispensable,  tlierefore, 
to  find  a  new  uMue,  one  whii^  must  not  be  of  chronological  import, 
and  ratut  expresa,  on  the  one  hand,  some  peculiarity  equally  attribu- 
table to  granite  and  gneiaa  (to  the  plutonic  as  well  as  the  altered 
toeks),  and,  on  the  other,  must  have  reference  to  characters  in  which 
tboM  rocks  differ,  both  from  the  volcanic  and  from  the  unaltered 
■edimentary  strata.  I  proposed  in  the  Principles  of  Geology  (first 
edition,  voL  m."),  the  term  "hypogene"  for  this  purpose,  derived  from 
vr«,  under,  and  yii-oftat,  to  ie,  or  to  b*  born}  a  word  implying  the 
theory  that  granite,  gneiss,  and  the  other  crystalline  formationa  are 
alike  tuikerformrd  rocks,  or  rocka  which  have  not  assumed  their 
present  form  and  atmcture  at  the  surface.  They  occupy  the  lowest 
place  in  the  order  of  superposition.  Even  in  r^one  such  as  the  Alps, 
where  some  massea  of  granite  and  gneiss  can  be  shown  to  be  of  com- 
parmtivflly  modem  date,  belonging,  for  example,  to  the  period  here- 
tSter  to  be  described  b»  tertiary,  tbey  are  still  Mnderlyinff  rocka. 
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They  never  repose  on  the  volcanic  or  trappean  formations,  nor  on 
strata  conttuning  organic  remains.  Tiiej  are  hypogene,  as  "  being 
under ''  all  the  rest. 

IVom  what  has  novr  been  «ud,  the  reader  will  understand  that 
each  of  the  four  great  classes  of  rocks  may  be  atadied  under  two 
distinct  points  of  view ;  first,  they  may  be  studied  simply  as  mineral 
masses  deriving  their  origin  from  particular  causes,  and  having  a 
certain  composition,  form,  and  position  in  the  earth's  crust,  or  other 
characters  both  positive  and  negative,  such  as  the  presence  or  absence 
of  organic  remains.  In  the  second  place,  the  rocks  of  each  class  may 
be  viewed  as  a  grand  chronolt^tcal  series  of  monuments,  attesting  a 
succession  of  events  in  the  former  history  of  the  globe  and  its  living 
inhabitants. 

I  shall  accordingly  proceed  to  treat  of  each  family  of  rocks;  first, 
in  reference  to  those  characters  which  are  not  chronological,  and  then 
in  particular  relation  to  the  several  periods  when  they  w^re  formed. 


CHAPTER  n. 


IGneral  componMon  of  itiata — Areaiceona  rocks — ArgOacecnis — Cslnrsoiu— 
Gjpsam — FomiBofnntificUion  — OrigiualliOTiiontaligr — nuuningooC — Di^ 
gonal  ammgemeat  —  Bipple  Durk. 

Im  pursuance  of  the  arrangement  explained  in  the  last  chapter^  we 
shall  begin  by  examining  the  aqueous  or  sedimentary  rocks,  which 
are  for  the  roost  part  distinctly  stratified,  and  contain  fossils.  We 
may  first  study  them  with  reference  to  their  minerftl  composition, 
external  appearance,  position,  mode  of  origin,  organic  contents,  and 
other  characters  which  belong  to  tbem  as  aqueous  formations,  inde- 
pendently of  their  age,  and  we  may  afterwards  consider  them  chrono- 
logically or  with  reference  to  the  successive  geological  periods  when 
they  originated. 

I  have  already  given  an  outline  of  the  data  which  led  to  the  belief 
that  the  stratified  and  fossiliferous  rocks  were  originally  deposited 
under  water ;  but,  before  entering  into  a  more  detailed  invest^ation, 
itwillbedesirable  to  say  something  of  the  ordinary  materials  of  which 
such  strata  are  composed.  These  may  be  said  to  belong  principally 
to  three  divisions,  the  arenaceous,  the  argillaceous,  and  the  calca- 
reous, which  are  formed  respectively  of  sand,  clay,  and  carbonate  of 
lime.  Of  these,  the  arenaceous,  or  sandy  masses,  are  chiefly  made 
up  of  siliceous  or  flinty  grains;  the  argillaceous,  or  clayey,  of  a 
mixture  of  siliceous  matter,  with  a  certain  proportion,  about  a  fourth 
in  weight,  of  aluminous  earth ;  and,  lastly,  tbe  calcareous  rocks  or 
limestones  conust  of  carbonic  acid  and  lime* 
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Arentutovt  or  tilieeout  roeki.  —  To  speitk  first  of  the  sand;  divi' 
rion :  beds  of  loom  sand  are  frequentlj  met  with,  of  which  the  grains 
eonnat  entirely  of  ailex,  which  term  comprehendB  all  purely  siliceous 
nunenls,  as  qaarts  and  common  flint  Quartz  is  silex  in  its  purest 
form.  Hint  usnallj  contains  some  admixture  of  alumina  and  oxide  of 
iK»L  The  siliceona  grains  in  sand  are  usually  rounded,  as  if  by  the 
acti<Hi  of  mnning  water.  Sandstone  ia  an  aggregate  of  such  grains, 
which  of^n  cohere  together  without  any  visible  cement,  but  more 
commonly  are  bound  together  by  a  sli^i^ht  quantity  of  siliceous  or 
cdcareooa  matter,  or  by  oxide  of  iroa  or  clay. 

Pure  ailioeous  ToAt  may  be  knonn  by  not  effervescii^  when  ft 
drop  of  nitric,  Bulphnric  or  other  acid  is  applied  to  them,  or  by  the 
grains  not  being  readily  scratched  or  broken  by  ordinary  preESnre. 
In  nature  there  is  every  intermediate  gradation,  from  perfectly  loose 
oand,  to  the  hardest  sandstone.  In  mieaceout  tandttonet  mica  is 
Tery  abunduit;  and  the  thin  silvery  plates  into  which  that  mineral 
dindes,  are  often  arranged  in  layers  parallel  to  the  planes  of  strati- 
flcation,  giving  a  slaty  or  laminated  texture  to  the  rock. 

When  sandstone  is  coarse-grained,  it  is  nsually  called  ffril.  If  the 
grains  are  rounded,  and  large  enongh  to  be  called  pebbles,  it  becomes 
a  eoiuflonienUe  or  pvddiiitf-ttotu,  which  may  consist  of  pieces  of  one 
or  of  many  different  kinds  of  rock.  A  conglomerate,  therefwe,  is 
simply  gravel  bound  together  by  a  cement. 

ArginaeeoMi  roeki,  — Clay,  strictly  speaking,  is  a  mixture  of  silex 
or  flint  with  «  lat^e  proportion,  usually  about  one  fourth,  of  alumina, 
<x  argil ;  hut  in  common  language,  any  earth  which  possesses  suffi- 
cient 'ductility,  when  kneaded  up  with  water,  to  be  fashioned  like 
paste  by  the  hand,  or  by  the  potter's  lathe,  is  called  a  elay;  and  such 
days  vary  greatly  in  their  composition,  and  are,  in  general,  nothing 
more  thaa  mud  derived  from  the  decomposition  or  wearing  down  of 
rocks.  The  purest  clay  fotind  in  nataoe  is  porcelain  clay,  or  kaolin, 
which  lesalts  irom  the  decomposition  of  a  rock  composed  of  felspar 
■ad  qaarts,  and  it  is  almost  always  mixed  with  quartz.*  Shale  has 
also  tbe  property,  like  clay,  of  becoming  plastic  in  water ;  it  is  a^nore 
solid  Conn  of  day,  or  argillaceous  matter,  condensed  by  pressure.  It 
dwaya  divides  into  laminie  more  or  less  regular. 

One  general  charxcter  of  all  argillaceous  rocks  is  to  give  out  a 
peculiar,  earthy  odoar  when  breathed  npon,  which  is  a  test  of  the 
presence  of  alnmioe,  althoi^h  it  does  not  belong  to  pure  alumtne, 
bat,  apparently,  to  tbe  comUnatioa  of  that  substance  with  oxide  of 
iron-t 

CaleortMU  roekt. — This  division  comprehends  those  rocks  which, 
like  chalk,  are  composed  chiefly  of  lime  and  carbonic  acid.  Shells 
■od  oorals  are  also  formed  of  the  same  elements,  with  the  addition 

*  71iek«idinofChInscon«iMtof7I-15  nearly  equal  puts  ofdlicatuid  aloniine, 

'■  of  ailflz,  16-SS  of  alnnitQe,  1-9S  of  with  I  per  cent  <tf  magnesia.     (Fhil. 

.;  and   e-78  of  water  <W.  Diillipt,  Mag.  »oI.  x.  18.'17,) 

Wneralogy,  p.33.)i  bot  other  pon»lalD  f  See  W.  Fbill[pa'i  Uineralogr, '  AIb- 

daja  diflrr  maUoiallj,  that  of  Cornwall  miae." 
baaig  eonipMed,  aecotding  to  Boa«^  of 
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of  snimal  matter.  To  obttun  pare  lime  it  is  necesMry  to  csldne 
these  c&lcareous  substances,  that  is  to  say,  to  expose  them  to  heat  of 
sufficient  intensity  to  drive  off  the  carbonic  acid,  and  other  voUtilo 
matter.  White  chalk  is  sometimes  pure  carboaate  of  lime ;  and  this 
rock,  although  usually  in  a  soft  and  earthy  stale,  is  occawonally 
sufficiently  solid  to  be  used  for  building,  and  even  paasea  into  s 
compact  stone,  or  a  stone  of  which  the  separate  parta  are  so  minuto 
as  not  to  be  distinguishable  from  each  other  by  the  naked  eye. 

Many  limestonea  are  made  up  entirely  of  minute  fragments  of 
shells  and  coral,  or  of  calcareous  sand  cemented  together.  'These 
last  might  be  called  "  calcareous  sandstones ; "  but  that  tern  is  more 
properly  applied  to  a  rock  in  irhich  the  grains  ars  partly  calcareona 
and  partly  siUceons,  or  to  quarttose  sandstones,  having  a  aement  of 
carlKinate  of  lime. 

The  variety  of  limestone  called  "  oolite  "  is  composed  oC  numerous 
small  egg-like  grains,  resembling  tho  roe  of  a  fish,  each  of  which  has 
usually  a  small  fragment  of  sand  as  a  nucleus,  around  which  con- 
centric layers  of  calcareous  matter  have  accumulated. 

Any  limestone  which  is  sufficiently  hard  to  take  a  fine  polish  is 
called  Marftfe.  Many  of  these  are  foasiliferoua;  bnt  statuary  marble, 
which  is  also  called  saccharoid  limestone,  as  having  a  texture  re- 
sembling that  of  loaf-sugar,  is  devoid  of  fossils,  and  is  in  many  cases 
a  member  of  the  metamorphic  series. 

SiRcemu  limestone  is  an  intimate  mixture  of  carbonate  of  lime  and 
flint,  and  is  harder  in  proportion  as  the  flinty  matter  predominates. 

The  presence  of  carbonate  of  lime  in  a  rock  may  be  ascertained 
by  a[^lying  to  the  surface  a  small  drop  of  dilated  snl^Juiric,  nitric, 
or  muriatic  acids,  or  strong  vinegar ;  for  the  lime,  having  a  greater 
chemical  affinity  for  any  one  of  these  adds  than  for  the  carbonic, 
unites  immediately  with  them  to  form  new  compounds,  thereby  be- 
coming a  sulphate,  nitrate,  or  muriate  of  lime.  The  cachonic  acid, 
when  thus  liberated  from  its  union  with  the  lime,  escapes  in  a  gaseous 
fonii,and  froths  up  or  effervesces  as- it  makes  its  way  in  small  bubbles 
through  the  drop  of  liquid.  This  effervescence  is  brisk  or  feeble  in 
proportion  as  the  limestone  is  pure  or  impure,  or,  in  other  words, 
according  to  the  quantity  of  foreign  matter  mixed  with  the  carbonate 
of  lime.  Without  the  aid  of  this  test,  the  most  experienced  eye 
cannot  always  detect  the  presence  of  carbonate  of  lime  in  rocks. 

The  above-mentioned  three  classes  of  rocks,  the  siliceous,  argil- 
laceous, and  calcareous,  pass  continually  into  eaoh  other,  and  rarely 
occur  in  a  perfectly  separate  and  pure  form.  Thus  it  is  an  exception 
to  the  general  rule  to  meet  with  a  limestone  as  pure  as  ordinary 
white  chalk,  or  with  clay  as  aluminous  as  that  used  in  Cornwall  for 
porcelain,  or  with  sand  so  entirely  composed  of  siliceous  grains  as  ths 
white  sand  of  Alum  Bay  in  the  Isle  of  Wight,  or  sandstone  so  pure 
Bs  the  grit  of  Fontaineblean,  used  for  pavement  in  France.  More 
commonly  we  find  sand  and  clay,  or  clay  and  marl,  intermixed  in  the 
same  mass.  When  the  sand  and  clay  are  each  in  considerable 
quantity,  the  mixture  is  called  loam.     Jf  there  is  much  calcareous 
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■Utter  in  cUyitis  cslled  marl;  but  this  term  has  nnfortunatd^  been 
ued  80  Tiguelj,  u  often  to  be  very  uubignous.  It  has  been  applied 
to  sobitancea  in  which  there  is  no  lime ;  %a,  to  th&t  red  loam  nsaallj 
called  red  marl  in  certain  parts  of  England.  Agriculturists  were 
in  the  habit  of  calling  any  soil  a  marl,  which,  like  tme  marl,  fell  to 
pieces  readilj  on  exposure  to  the  air.  Hence  arose  the  confusion  of 
uiag  this  name  for  soils  which,  consisting  of  loam,  were  easily 
vorked  by  the  plough,  though  devoid  of  lime. 

MtrlJale  bears  the  same  relation  to  marl  which  shale  bears  to 
clay,  bei^  a  calcareous  shale.  It  is  reiy  abundant  in  some  countries, 
u  in  tbe  Swiss  Alps.    Argillaceous  or  marly  limestone  is  also  of 


There  ire  few  otber  kinds  of  rock  which  «uter  so  largely  into  the 
Mmpodtion  of  segmentary  strata  as  to  make  it  neeessary  to  dwell 
here  oa  their  characters.  I  may,  however,  mention  two  others, — 
mignetiaB  Umeetaue  or  dolomite,  aad  gypsum.  Magnttian  hmetton» 
it  compoeed  of  carbonate  of  lime  and  carbonate  of  magnesia ;  the 
proportion  of  the  latter  amoundng  in  some  cases  to  nearly  one  half. 
Jl  efTerrescea  much  more  slowly  and  feebly  with  acids  than  common 
hinettone.  In  England  this  rock  ia  generally  of  a  yellowish  colour ; 
bu  it  varies  greatly  in  miueralogical  character,  psasing  irom  an 
etrthy  state  to  a  white  compact  stone  of  great  hardness.  Dolomite, 
K  common  in  many  parts  of  Germany  and  France,  is  also  a  variety 
of  magnerian  limeetone,  uauaBy  of  a  granular  texture. 

Gypnan. — 6ypanm  is  a  rock  composed  of  sulphuric  add,  lime, 
■nd  water.  It  is  usuaUy  a  soft  whitisb-yellow  rock,  with  a  texture 
resembling  that  of  loaf-sugar,  but  sometimes  it  is  entirely  composed 
of  lenticnlar  crystab.  It  is  insoluble  in  acids,  and  does  not  efiervesce 
like  cbalk  and  dolomite,  because  it  does  not  contain  carbonic  acid 
pa,  or  fixed  ur,  the  lime  being  already  combined  with  aulphurio 
Kid,  for  which  it  baa  a  strongw  affinity  than  ftv  any  other.  Aji> 
hjdrooa  gypsum  is  a  rare  variety,  into  which  water  does  not  enter 
u  a  component  part.  Gypseous  marl  is  a  mixture  of  gypsum  and 
■uiL  Alabaster  is  a  granular  and  compact  variety  of  gypsum  found 
in  masses  lai^  enough  to  be  used  in  scnlpture  and  architecture.  It 
is  sometime*  a  pure  snow-white  substance,  as  that  of  Volterra  in 
l^scany,  well  known  as  being  carved  for  works  of  art  in  Florence 
■Dd  Leghorn.  It  is  a  softer  stone  than  marble,  and  more  easily 
wrought 

Form*  t^  itrat^atian, — A  series  of  strata  sometimes  consists  of 
ooeof  the  above  rocks,  sometimes  of  two  or  more  in  alternating  beds. 

HinB,  in  the  coal  districts  of  England,  for  example,  we  often  pass 
through  several  beds  of  sandstone,  some  of  finer,  others  of  coarser 
grain,  t<Hne  white,  others  of  a  dark  colour,  and  below  these,  layers 
of  shale  and  sandstone  or  beds  of  shale,  divisible  into  leaf-like  lamime, 
and  containing  beautiful  impresuous  of  plants.  Then  again  we  meet 
with  beds  of  pare  and  impure  coal,  alternating  with  shiJes  and  sand- 
Blones,  and  underneath  the  whole,  perhaps,  aro  calcareous  strata,  or 
beds  of  limestone,  filled  with  corals  and  marine  shells,  each  bed  dis- 
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tingniahable  from  another  by  certain  foasila,  or  hy  the  abnodanca  of 
particular  speciea  of  shells  or  soophjtea. 

This  alternation  of  different  kinds  of  rock  prodnces  the  laost  dia. 
tiact  stratiBcation ;  and  we  often  find  beds  of  limestone  and  marl, 
conglomerate  and  sandstone,  sand  and  cla;,  recurring  again  and  again, 
in  nearly  regular  order,  throughout  a  series  of  many  hundred  strata. 
The  causes  which  may  produce  these  phenomena  are  various,  and 
have  been  fully  discussed  in  my  treatise  oa  the  modern  changes  of 
the  earth's  surface.*  It  is  there  seen  that  rivera  flowing  into  lakes 
and  seas  are  charged  with  sediment,  varying  in  quantity,  composition, 
colour,  and  grun  according  to  the  seasons ;  the  waters  are  sometdmee 
flooded  and  rapid,  at  other  periods  low  and  feeble ;  differettt  trihn- 
taries,  also,  draining  peculiar  countries  and  soils,  and  therefore 
charged  with  peculiar  sediment,  are  swollen  at  distinct  periods.  It 
was  also  shown  that  the  waves  of  the  aea  and  currents  uodermine  the 
cliffs  during  wintry  storms,  and  sweep  away  the  materials  into  the 
deep,  after  which  a  aeosoa  of  tranquillity  sueceeds,  when  nothing  but 
the  finest  mud  is  spread  by  the  movements  of  the  ocean  over  the 
same  submarine  area. 

It  is  not  the  object  of  the  present  work  to  give  a  description  of 
these  operationa,  repeated  as  they  are,  year  after  year,  and  century 
after  century ;  but  I  may  suggest  an  explanation  of  tiie  mannw  in 
which  some  micaceous  sandstones  have  originated,  namely,  those  in 
which  we  see  innumerable  thin  layers  of  mica  dividing  layers  of  fine 
quartzose  sand.  I  observed  the  same  arrangement  of  materials  in 
recent  mud  deposited  in  the  estuary  of  La  Boche  St.  Bernard  in  Brit- 
tany, at  the  mouth  of  the  Loire.  The  surrounding  rocks  are  of  gnus^ 
which,  by  its  waste,  supplies  the  mud :  when  this  dries  at  low  water, 
it  is  found  to  consist  of  brown  laminated  clay,  divided  by  thin  seams 
of  mica.  The  separation  of  the  mica  in  this  case,  or  in  that  of  mica- 
ceous sandstones,  may  be  thus  understood  If  we  take  a  handful  of 
qnartzose  sand,  mixed  with  mica,  and  throw  it  into  a  clear  running 
stream,  we  see  the  materials  immediately  sorted  by  the  water,  the 
grains  of  quartz  falling  almost  directly  to  the  bottom,  while  the  plates 
of  mica  take  a  much  longer  time  to  reach  the  bottom,  and  are  carried 
farther  down  the  stream.  At  the  first  instant  the  water  is  turbid,  but 
immediately  after  the  fiat  surfaces  of  the  plates  of  mica  are  seen  all 
alone  reflecting  a  silvery  light,  as  they  descend  slowly,  to  form  a  dis- 
tinct micaceous  lamina.  The  mica  is  the  heavier  mineral  of  the  two ; 
bnt  it  remains  a  longer  time  suspended  in  the  fluid,  owing  to  its 
greater  extent  of  surface.  It  is  easy,  therefore,  to  perceive  that 
where  such  mud  is  acted  upon  by  a  river  or  tidal  current,  the  thin 
plates  of  mica  will  be  carried  farther,  and  not  deposited  in  the  same 
places  as  the  grains  of  quartz ;  and  since  the  force  and  velocity  of  th« 
stream  varies  from  time  to  time,  layers  of  mica  or  of  sand  will  be 
thrown  down  successively  on  the  same  area. 

Original  horizonlatUy. — It  is  said  generally  that  the  upper  and 
"  Stiatificatiaii,'  "  CaiTBnU," 
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uDilersQrfaceaof  BtTftta,  or  the  "planes  of  Btratjflcation,"  are  panillel. 
Alihoagh  thia  b  not  etri 0117  true,  the;  make  ao  approach  to  parallelism, 
for  the  same  reMon  that  sediment  ia  naually  deposited  at  Grst  in  nearly 
horizontal  layers.  Such  an  arrangement  can  by  no  means  be  attri* 
bated  to  an  original  evenness  or  horizontality  in  the  bed  of  the  sea ; 
fn-  it  it  ateertained  that  in  those  places  where  no  matter  has  been 
recently  deposited,  the  bottom  of  the  ocean  is  often  as  uneven  as  that 
of  thedry  l&nd,  having  in  like  manner  its  hills,  valleys,  and  ravines. 
Yet  if  the  sea  shonld  sink,  or  the  water  be  removed  near  the  mouth 
of  a  lai^  river  where  a  delta  baa  been  forming,  we  shonld  see 
extensive  plains  of  mud  and  sand  laid  dry,  which,  tu  the  eye,  would 
ippear  perfectly  level,  although,  in  reality,  tbey  would  slope  gently 
from  the 'land  towards  the  sea. 

This  tendency  in  newly-formed  strata  to  assume  a  horizontal  posi- 
tion ariaes  principally  from  the  motion  of  the  water,  which  forces 
along  particles  of  sand  or  mnd  at  the  bottom,  and  causes  them  to 
settle  in  hollows  or  depressions  where  they  are  leas  exposed  to  the 
force  of  a  current  than  when  they  are  resting  on  elevated  points. 
The  velocity  of  the  current  and  the  motion  of  the  superficial  waves 
diminish  from  the  surface  downwards,  and  are  least  in  those  depres- 
Bons  where  the  water  is  deepest. 

A  good  illustration  of  the  principle  here  alluded  to  may  be 
sontetimea  seen  in  tht?  neighbourhood  of  a  volcaat^  when  a  sectit  n, 
whether  natural  or  artificial,  has  laid  open  to  view  a  succession  oC 
nrions-coloured  layers  of  sand  and  ashes,  which  have  fallen  in 
showers  upon  uneven  ground.  Thus  let  A  B  (fig.  1.)  be  two  ridges, 
with  an  intei'vening  valley.  These  original  inequalities  of  the 
sarface  have  been  gradually  effaced  by  beds  of  sand  and  ashes 
e,  d,  e,  the  surface  at  e  being  quite  level.  It  will  be  seen  that, 
iltboo^  tbo'materialsof  the  first  layers  have  accommodalcd  them- 
„.  ,  telves  in  a  great  degree  to  the  shape 

of  the  ground  A  B,  yet  each  bed  is 
thickest  at  the  bottom.  At  first  a 
great  many  particles  would  be  carried 
by  their  own  gravity  down  the  steep 
■des  of  A  and  B,  and  others  would  afterwards  be  blown  by  the  wind 
U  they  fell  off  the  ridges,  and  would  settle  in  the  hollow,  which 
*oald  thus  become  more  and  more  effaced  as  the  strata  accumulated 
from  c  to  e.  This  levelling  operation  may  perhaps  be  rendered  more 
fleir  to  the  student  by  supposing  a  number  of  parallel  trenches  to  be 
io^  in  a  plain  of  moving  sand,  like  the  African  desert,  in  which  case 
the  wind  would  soon  canse  all  signs  of  these  trenches  to  disappear, 
tnd  the  sorfaoe  would  be  as  uniform  as  before.  Now,  water  in 
Esoiion  can  exert  this  levelling  power  on  similar  materials  more 
eaiily  than  air,  for  almost  all  stones  lose  in  water  more  than  a  third 
of  the  weight  which  they  have  in  air,  the  specific  gravity  of  rocks 
being  in  general  as  2^  when  compared  to  that  of  water,  which  is 
tstimated  at  1.  But  the  buoyancy  of  sand  or  mad  would  be  still 
greater  in  the  sea,  as  the  density  of  salt  water  exceeds  that  of  fresh. 
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Yet,  however  unifonn  and  horizontal  may  be  the  aarface  of  new 
deposits  in  general,  there  are  Btill  many  disturbing  causes,  such  aa 
eddiea  in  the  water,  and  currents  moving  first  in  one  and  then  in 
another  direction,  which  frequently  cause  irregularities.  We  maj' 
sometimes  follow  a  bed  of  limestone,  shale,  or  sandstone,  for  a  dis- 
tancB  of  many  hundred  jards  contiQuoaslj ;  but  we  generally  find 
at  length  that  each  individual  stratum  thing  out,  and  allows  the  beds 
which  were  previously  above  and  below  it  to  meet  If  the  materials 
are  coarse,  as  in  grits  and  conglomerates,  the  same  beds  can  rarely 
be  traced  many  yards  without  varying  in  siiK,  and  often  coming  to  an 
end  abruptly.    (See  fig.  2.) 

Fif.a 


Diagonal  or  erou  ttratificatiojt. — There  is  also  another  phe- 
nomenon of  frequent  occurrence.  We  find  a  series  of  larger  strata, 
each  of  which  is  composed  of  a  number  of  minor  layers  placed 


obliquely  to  the  general  planes  of  stratification.  To  this  diagonal 
arrangement  the  name  of  "false  or  cross  bedding"  has  been 
given.  Thus  in  the  annexed  section  (fig.  3.)  we  see  seven  or  eight 
large  beds  of  loose  sand,  yellow  and  brown,  and  the  lines  a,  6,  c, 
mark  some  of  the  principal  planes  of  stratification,  which  are  nearly 
horizontal.  But  the  greater  part  of  the  subordinate  laminte  do  not 
conform  to  these  planes,  bat  have  often  a  steep  slope,  the  inclination 
being  sometimes  towards  opposite  points  of  the  compass.  When  the 
sand  is  loose  and  incoherent,  as  in  the  case  here  represented,  the 
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demtion  &om  parallelism  of  the  sluiting  kminaa  cannot  poBsibly  be 
■ceoonted  for  by  anj  re-UTftngemeat  of  the  particles  acqnired  during 
tbe  ooosolidation  of  the  rock.  In  what  manner  then  can  sach  irre- 
gulirities  be  due  to  original  deposition  ?  We  must  suppose  that  at 
the  bottom  of  the  sea,  as  well  as  in  the  beds  of  rivers,  the  motions  of 
mvea,  eairenta,  and  eddies  often  cause  mud,  sand,  and  gravel  to  be 
thrown  down  in  heaps  on  particular  spots  instead  of  being  spread 
mttmifoi'mljr  over  a  wide  area.  Sometimes,  when  banks  are  thus 
lormed,  currents  may  cut  passages  through  them,  jnet  aa  a  river 
Ghhu  its  bed,    Snppoee  the  bank  A  (fig.  4.)  to  be  thus  formed  with 


iilcep  sloping  side,  and  the  water  being  in  a  tranqnil  state,  the  layer 
of  Kdiment  No.  1.  is  thrown  down  upon  it,  conforming  nearly  to  its 
nr&ce.  Afterwards  the  other  layera,  2,  S,  4,  may  be  deposited  in 
raecesmon,  so  that  the  bank  B  C  D  is  formed.  If  the  current  then 
increaaes  in  velocity,  it  may  cut  away  the  upper  portion  of  thia  mass 
down  to  the  dotted  line  e  (fig.  4.\  and  deposit  the  materials  thus 
removed  farther  on,  so  as  to  form  tbe  layers  5,  6,  7,  8.  We  have 
now  the  bank  B  C  D  E  (fig.  5,),  of  which  the  surface  is  almost  level 


nd  on  which  the  nearly  horisontal  layers,  9,  10,  11,  may  then 
ucotnnlate.  It  was  shown  in  fig.  3.  that  the  diagonal  layers  of  sue- 
ttstiTe  strata  may  sometimes  have  an  opposite  slope.  This  is  well 
i.  coast.     A  portion 


3  clifia  of  loose  Band 
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of  one  of  these  is  represented  in 
i.,  where  the  layers,  of  which 
there  are  about  six  in  the  thick- 
ness of  an  inch,  are  composed  of 
quartzDse  groins.  This  arrange- 
ment may  have  been  due  to  the 
altered  direction  of  the  tides  and 
CHTbMwHa  uiuvuKi  Duairick.  currents  in  the  same  place. 

Tbe  description  above  given  of  the  slanting  position  of  the  minor 
hyen  constituting  a  single  stratum  is  in  certain  eases  applicable  on  a 
■neb  gruider  scale  to  masses  several  hundred  feet  thick,  and  many 
Biiles  in  extent.  A  fine  example  may  be  seen  at  the  base  of  the 
khritime  Alps  near  Nice.    Tbe  mountains  here  terminate  abruptly 
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in  the  eea,  so  that  a  depth  of  one  hundred  fathoms  is  often  found 
within  a  stone's  throw  of  the  beach,  and  sometimes  a  depth  of  3000 
feet  within  half  a  mile.  But  at  eertaiu  points,  strata  of  sand,  marl, 
or  conglomerate,  intervene  between  the  shore  and  the  mountains,  as 
in  the  annexed  fig.  (T-X  where  a  vast  succession  of  slantiDg  beds 
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of  gravel  and  sand  maj  be  traced  from  the  eea  to  Monte  Cairo,  a 
distance  of  no  less  than  9  miles  in  a  straight  line.  The  dip  of  these 
beds  is  remarkably  uniform,  being  always  southward  or  towards  the 
Mediterranean,  at  an  angle  of  about  25'.  Tbey  are  exposed  to  view 
in  nearly  vertical  precipices,  varying  from  200  to  600  feet  in  height, 
which  bound  the  valley  through  which  the  river  M^nan  fiows. 
Although,  in  a  general  view,  the  strata  appear  to  be  parallel  and 
uniform,  they  are  nevertheless  found,  when  examined  closely,  to  be 
wedge-shaped,  and  to  thin  out  when  followed  for  a  few  hundred  feet 
or  yards,  bo  that  we  may  suppose  them  to  have  been  thrown  down 
originally  upon  the  side  of  a  steep  bank  where  a  river  or  alpine 
torrent  discharged  itself  into  a  deep  and  tranquil  sea,  and  formed  a 
delta,  which  advanced  gradually  from  the  base  of  Monte  Calvo  to  a 
distance  of  9  miles  from  the  original  shore.  If  subsequently  this 
part  of  the  Alps  and  bed  of  the  sea  were  raised  700  feet,  the  coast 
would  acquire  its  present  configuration,  the  delta  would  emerge,  and 
a  deep  channel  might  then  be  cut  through  it  by  a  river. 

It  is  well  known  that  the  torrents  and  streams,  which  now  descend 
from  the  alpine  declivities  to  the  shore,  bring  down  annually,  when 
the  snow  melts,  vast  quantities  of  shingle  and  sand,  and  then,  as  they 
subside,  fine  mud,  while  in  summer  they  are  nearly  or  entirely  dry ; 
so  that  it  may  be  safely  assumed,  that  deposits  like  those  of  the  valley 
of  the  Magnan,  consisting  of  coarse  gravel  alternating  with  fine 
sediment,  are  still  in  progress  at  many  points,  as,  for  instance,  at  the 
mouth  of  the  Yar.  They  must  advance  upon  the  Mediterranean  in 
the  form  of  great  shoals  terminating  in  a  steep  talus;  such  being  the 
original  mode  of  accumulatron  of  all  coarse  materials  conveyed  into 
deep  water,  especially  where  they  are  composed  in  great  part  of 
pebbles,  which  cannot  be  transported  to  indefinite  distances  by  cur- 
rents of  moderate  velocity.  By  inattention  to  facts  and  inferences 
of  this  kind,  a  very  exaggerated  estimate  has  sometimeB  been  made 
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of  tbe  euppOBed  depth  of  the  ancient  ocean.  There  can  be  no  doubt, 
for  eumple,  that  the  strata  a,  fig.  7.,  or  those  nearest  to  Monte 
CiIto,  are  older  than  those  indicated  by  b,  and  these  again  were 
fonned  before  e  ;  but  the  vertical  depth  of  grarel  and  eand  in  tmj 
one  place  cannot  be  proved  to  amount  even  to  1000  feet,  although 
it  m^  perhaps  be  much  greater,  yet  probably  never  exceeding  at 
MT  point  3000  or  4000  feet.  But  were  we  to  assume  that  all  the 
stnla  were  once  horizontal,  and  that  their  present  dip  or  inclination 
wu  due  to  subsequent  movements,  we  should  then  1m  forced  to  cod- 
clade,  that  a  sea  several  miles  deep^  had  been  filled  up  with  alternate 
Uverg  of  mad  and  pebbles  thrown  down  one  upon  another. 

In  the  locality  now  under  consideration,  situated  a  few  miles  to  the 
*utof  Nice,  there  aie  many  geological  data,  the  details  of  which 
ctcDoi  be  given  in  this  place,  all  leading  to  the  opinion,  that  when 
tlu  deposit  of  the  Hagnan  was  formed,  the  shape  and  ontlise  of  the 
ilpJDB  declivities  and  the  shore  greatly  resembled  what  we  now 
I^U  u  many  points  in  the  neighbourhood.  That  the  beds,  a,b,c,d, 
«e  of  comparatively  modern  date  is  proved  by  this  fact,  that  in  seams 
of  loamy  marl  interveuiog  between  ttie  pebbly  beds  are  fossil  shells, 
I*lf  of  which  belong  to  species  now  living  in  the  Mediterranean. 

Sippte  mark. — The  ripple  mark,  so  common  on  the  surface  of 
!S  of  all  agea  (see  fig.  8.),  and  which  is  so  often  seen  on  tlie 


K*-shoro  at  low  tidc^  seema  td  originate  in  the  drifting  of  materials 
*loDg  the  bottom  of  the  water,  in  a  manuer  very  similar  to  that  which 
°>*T  explain  the  inclined  layers  above  described.  This  ripple  is  not 
uitirely  confined  to  the  beach  between  high  and  low  water  mark,  but 
*  ibo  produced  on  sands  which  are  constantly  covered  by  water. 
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Simitar  nndulnting  ridges  and  furrows  may  also  be  Mmetimes  seen 
on  the  surface  of  drift  snow  and  blown  sand.  The  following  is  the 
manner  in  which  I  onc«  observed  the  ouition  of  the  air  to  produce 
this  effect  on  a  large  extent  of  level  beach,  exposed  at  low  tide  near 
Calais.  Clouds  of  fine  white  sand  were  blown  from  the  neigbbomr- 
ing  dunes,  so  as  to  cover  the  shore,  and  whiten  a  dark  level  sur- 
face of  sand^  mud,  and  this  fresh  covering  of  sand  was  beautifuUj 
rippled.  On  levelling  all  the  small  ridges  and  furrows  of  this  ripple 
over  an  area  of  several  jards  square,  I  saw  them  perfectly  restored  in 
about  ten  minutes,  the  general  direction  of  the  ridges  being  always  at 
right  angles  to  that  of  the  wind.  The  restoration  began  by  the  ap- 
pearance here  and  there  of  small  detached  heaps  of  aand,  which  soon 
lengthened  and  joined  togetlier,  so  as  to  form  long  sinuous  ridgu  with 
intervening  furrows.  Each  ridge  had  one  side  slightly  inclined,  and 
the  other  steep ;  the  lee-side  being  always  steep,  as  b,  c, — d,  e  ;  the 
windward-side  a  gentle  slope,  as  a,  6,  — e,  d,  fig.  9.     When  a  gust  of 


wind  blew  with  sufficient  force  to  drive  dong  a  cloud  -of  sand,  all 
the  ridges  were  seen  to  be  in  motion  at  once,  each  encroaching  on 
the  furrow  before  it,  and,  in  the  coarse  of  a  few  minutes,  filling  Uie 
place  which  the  furrows  had  occupied.  The  mode  of  advance  was 
by  the  continual  drifting  of  gruns  of  sand  up  the  slopes  a  6  and  e  d, 
many  of  which  grains,  when  they  arrived  at  b  and  d,  fell  over  the 
scarps  b  e  and  d  a,  and  were  under  shelt^  from  the  wind ;  so  that 
they  remained  stationary,  resting,  according  to  their  shape  and  mo- 
mentum, OB  different  parts  of  the  descent,  and  a  few  only  rolling  to 
the  bottom.  In  this  manner  each  ridge  was  distinctly  seen  to  move 
slowly  on  as  often  as  the  force  of  the  wind  augmented.  Oocasionally 
part  of  a  ridge,  advaneing  more  rapidly  than  the  rest,  overtook  the 
ridge  immediately  before  it,  and  became  confounded  witfa  it,  thus 
causing  those  bifurcations  and  branches  which  are  so  common,  and 
two  of  wbich  are  seen  in  the  slab,  fig.  8.  We  may  observe  this  con- 
figuration in  sandstones  of  all  ages,  and  in  them  also,  as  now  on 
the  sea-coas^  we  may  often  detect  two  systems  of  ripples  interfering 
with  each  other;  one  more  ancient  and  half  effaced,  and  a  newer  one, 
in  which  the  grooves  and  ridges  are  more  distiact,  and  in  a  different 
direction.  This  crossing  of  two  sets  of  ripples  arises  fross  a  change 
of  wind,  and  the  new  direction  in  which  the  waves  are  thrown  on  the 
shore. 

The  ripple  mark  is  usually  an  indicatioa  of  a  sea-beach,  or  of 
water  from  6  to  10  feet  deep,  for  the  Station  caused  by  waves  even 
during  storms  extends  to  a  very  slight  depth.  To  this  rule,  however, 
there  are  some  exceptions,  and  recent  ripple  marks  have  been  ob- 
served at  the  depth  of  60  or  70  feet  It  has  also  been  ascertained  that 
currents  or  large  bodies  of  water  in  motion  may  disturb  mud  and 
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nnd  &t  the  depth  of  300  or  even  450  feet*  Beach  ripple,  however, 
msj  osoAlly  be  diatinguiahed  from  current  ripple  by  frequent  ch&ngeB 
in  its  direction.  In  &  slab  of  sandstone,  not  more  than  an  inch  thick, 
the  AuTOWB  or  ridges  of  an  ancient  ripple  may  often  be  seen  in  several 
mecamTe  lanuan  lo  mn  towurda  different  points  of  the  compasB. 


CHAPTER  m. 

ABRUKIBHElfT   07   KWSILS  IN  STRATA  —  rBXBHWATBB  iXD  HARIXB. 


'edepoatioDuidkaledbjfiMnli— Umtatonea  formed  of  corals  uidilidb — 
PixxA  of  gradiud  increase  of  aUala  derired  from  fbssils  —  Serpnla  attached  to 
^ifngm — Wood  bored  by  leredina — Tripoli  and  lemi-opal  formed  of  inAuoria 
— CSuJk  dariTed  prrndpallj  from  organic  bodiea — DiMincdon  of  fre^wacer  from 
DMrioe  fbrmationa — Genera  of  freshvater  and  kad  riiell* — Bolw  for  iccogDizii^ 
msrine  teatacea — GjTOgonitQ  and  cbara — Freabwauir  fiabea — Alcematioa  itf 
ntanne  and  frcalnrater  depoaiu — Lym-Fiord. 

Hattvo  in  the  last  chapter  considered  the  fbrms  of  stratification  so 
far  as  thej^  are  determined  hj  the  arrangement  of  inorganic  matter, 
we  maj  now  turn  our  attention  to  the  manner  in  which  organic  re- 
mains ai«  distributed  through  stratified  deposits.  We  should  often 
be  tillable  to  detect  any  signs  of  stratJUcation  or  of  successive  deposi- 
tion, if  particular  kinds  of  fossils  did  not  occur  here  and  there  at 
(XTt^n  depths  in  the  mass.  At  one  level,  for  example,  univalve  shells 
of  some  one  or  more  species  predominate  ;  at  another,  bivalve  shells ; 
and  at  a  third,  corals ;  while  in  some  formatioRS  we  find  layers  of 
vegetable  matter,  commonly  derived  from  land  plants,  separating 
strata. 

It  may  appear  inconceivable  to  a  beginner  how  mounttuns,  several 
thousand  feet  thick,  can  have  become  filled  with  fossils  from  top  to 
bottom;  but  the  difficulty  is  removed,  when  he  reflects  on  the  origin 
of  stratification,  as  explained  in  the  last  chapter,  and  allows  sufficient 
time  for  the  accumulation  of  sediment  He  must  never  lose  sight  of 
the  fact  that,  during  the  process  of  deposition,  each  separate  layer 
was  once  the  uppermost,  and  covered  immediately  by  the  water  in 
which  aqnatic  animals  lived.  Each  stratum  in  fact,  however  far  it 
may  now  lie  beneath  the  surface,  was  once  in  the  state  of  shingle,  or 
loose  sand  or  soft  mnd  at  the  bottom  of  the  sea,  in  which  shells  and 
other  bodies  easily  became  enveloped. 

By  attending  to  the  nature  of  these  remains,  we  are  often  enabled 
to  determine  whether  the  deposition  was  slow  or  rapid,  whether  it 
took  place  in  a  deep  or  shallow  sea,  near  the  shore  or  far  from  laad, 
and  whether  the  water  was  salt,  brackish,  or  fresh.  Some  limestones 
consist  almost  exclusively  of  corals,  and  in  many  cases  it  is  evident 
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that  the  present  poution  of  each  fossil  zoophyte  has  been  determined 
bj  the  manner  in  which  it  grew  originallj.  The  axis  of  the  coral, 
for  example,  if  its  natural  growth  is  erect,  still  remains  at  right  angles 
to  the  plane  of  stratification.  IT  the  stratum  be  now  horizontal,  the 
round  spherical  heads  of  certain  species  continue  uppermost,  and 
their  points  of  attachment  are  directed  downwards.  This  arrange- 
ment is  sometimes  repeated  throughout  a  gr«at  sQccession  of  strata. 
From  what  we  know  of  the  growth  of  similar  soophTtes  in  modem 
reefd,  wo  infer  that  the  rate  of  increase  was  extremely  slow,  and  some 
of  the  fossils  must  have  flourished  for  ages  like  forest  trees,  before 
they  attained  so  large  a  size.  During  these  ages,  the  water  remained 
clear  and  transparent,  for  such  corals  cannot  live  in  turtud  water. 

In  like  manner,  when  we  see  thousands  of  full-grown  shells  dis- 
persed every  where  throughout  a  long  series  of  strata,  we  cannot 
doubt  that  time  was  required  for  the  multiplication  of  successive 
generations ;  and  the  evidence  of  slow  accumulation  is  rendered  more 
striking  from  the  proofs,  so  often  discovered,  of  fossil  bodies  having 
l^n  for  a  time  on  the  floor  of  the  ocean  after  death  before  they  were 
imbedded  in  sediment.     Nothing,  for  example^  it  more  commoa  thaa 
to  see  fossil  oysters  in  clay,  with  serpuln,  or  barnacles  (acorn-ehellB)> 
or  corals,  and  other  creatures,  attached  to  the  inside  at  the  valves,  so 
that  the  mollusk  was  certainly  not  buried  in  argillaceous  mud  the 
moment  it  died.     There  must  have  been  an  interval  dwing  which  it 
was  BtiU  surrounded  with  clear  water,  when  the  creatures  whose  re- 
mains now  adhere  to  it,  ^w  from  an  embryo  to  a  mature  state. 
Attached  shells  which  are  merely  external,  like  some  of  the  ser- 
pul»  (o)  in  the  annexed  figure  (fig.  10.),  may  often  have  grown 
upon  an  oyster  or -other  shell  while  the  animal  within  was  stiil  living; 
but  if  they  are  found  on  the  inside, 
it  could  enly  happen  after  the 
death  of  the  inhabitant  of  the  shell 
which  affords  the  support.     Thus, 
in  fig.  10.,  it  will  be  seen  that  two 
serpulie  have  grown  on  the  inte- 
rior, one  of  them  exactly  on  the 
place  where  the  adductor  muscle 
of  the  Grypkaa  (a  kiad  of  oyster) 
was  fixed. 

Some  fossil  shells,  even  if  simply 
attached  to  the  outside  of  others, 
bear  full  testimony  to  the  conclu- 
sion above  alluded  to,  namely,  that 
an  interval  elapsed  between  the 
death  of  the  creatore  to  whose 
shell  they  adhere,  and  the  burial  of 
the  snme  in  mud  or  sand.  Thesea- 
urchins  or  Echini,  so  abundant  in 
white  chalk,  afford  a  good  illustnf 
"-*"  '''"^ril^^rfoillt^jrp.lfi:"^'^'^  tion.     It  is  weU  known  that  theae 
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loinuls,  when  Unng,  are  iDTarUblj  covered  with  numerons  suckers, 
w  gelAtinous  tabes,  called  "ambulacral,''  because  tbey  serve  as  organs 
of  motioD.  They  are  also  armed  with  apinea  supported  by  rows  of 
tnberdee.  These  last  are  only  seen  after  the  death  of  the  sea-urchin, 
when  the  spines  have  dropped  off.  In  fig.  12.  a  living  species  of 
Spatanffut,  common  on  our  coast,  is  represented  with  one  half  of  its 
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fbeD  stripped  of  the  spines.  In  fig.  11.  a  fossil  of  the  same  genns 
from  the  white  chalk  of  England  shows  the  naked  surface  which  the 
indindaals  of  this  family  exhibit  when  denuded  of  their  bristles. 
The  full-grown  SerptUa,  therefore,  which  now  adheres  externally, 
eoald  not  have  begun  to  grow  till  the  Spaiangua  hikd  died,  and  the 
spines  were  detached. 

Xow  (he  series  of  events  here  attested  by  a  single  fossil  may  be 
twiied  a  step  farther.     Thus,  for  example,  we  often  meet  with  a  sea- 
urchin  in  the  chalk  (see  6g.  13.),  which  has  fixed  to  it  the  lower 
valve  of  a  Crama,  a  genus  of  bivalve  raollasca.      The  upper  valve 
Hell.  (^>  fig-  13.)  is  almost  invariably  wanting,  though 

occasionally  found  in  a  perfect  state  of  [reservation 
in  white  chalk  at  some  distance.    In  this  case,  we 
seeclearly  that  the  sea-nrchin  first  lived  from  youth 
to  age,  then  died  and  lost  its  spines,  which  were 
carried  away.     Then  the  yoang  Crania  adhered 
to  the  bared  shell,  grew  and  perished  in  its  turn ; 
'"  ^tSTi w 'ISiS^  "ft*""  which  the  upper  valve  was  separated  from 
»-  Civir^n^S'^M  '^^  lower  before  the  Eehinat  became  enveloped  in 
*■"*'*■  chalky  mud. 

It  may  be  well  to  mention  one  more  illustration  of  the  manner  in 
which  single  fossils  may  sometimes  throw  light  on  ■  former  state  of 
ihin^  both  in  the  bed  of  the  ocean  and  on  some  adjoining  land.  We 
meet  with  many  figments  of  wood  bored  by  ship-worms  at  various 
dtpths  in  the  clay  on  which  London  is  built.  Entire  branches  and 
■terns  of  trees,  several  feet  in  length,  are  sometimes  dug  out,  drilled 
lU  over  by  the  holes  of  these  borers,  the  tubes  and  shells  of  the  mol- 
Inik  still  remaining  in  the  cylindrical  hollows.  In  fig.  15.  e,  a  re- 
presentation is  given  of  a  piece  of  recent  wood  pierced  by  the  Teredo 
■otoitt,  or  common  ship-worm,  which  desOviys  wooden  piles  and 
ihipB.  When  the  cylindrical  tube  d  has  been  extracted  from  the 
wood,  a  shell  is  seen  at  the  larger  extremity,  composed  of  two  pieces 
u  shown  at  c.    In  like  manner,  a  piece  of  foasil  wood  (a,  fig.  14.) 
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has  been  perforated  by  Ka  animal  of  a  kindred  but  extinct  genus, 
called  Teredma  by  Lamarck.     The  calcareous  tube  of  this  mollusk 
was  united  and  ks  it  were  soldered  on  to  tlie  vaWes  of  the  shell  (A), 
pii.it. 


Fl(.  14.  *■  FHiil  mnd  A-nm  tasdon  cla^,  boreil  b;  Trrediitii. 

t.  Bull  ud  IDlia  sr  TtiMu  pmauu,  the  iig)il>bu>d  flpin  Iha  Kiitril.  Ihs  Icit  Etia 

n(.lt,  *.  lUttDt  ned  ber*d  br  IVrnta. 

t.  SIkII  ud  tubl  or  Ttrtdo  narmUl.  from  Ihl  uma. 

\rhich  therefore  cannot  be  detached  from  the  tube,  lilte  the  valves  of 
the  recent  Teredo.  The  wood  in  this  fossil  specimen  is  now  con- 
verted into  a  stony  mass,  a  mixture  of  clay  and  lime;  but  it  mnet 
once  have  been  buoyant  and  floating  in  the  sea,  when  the  Tendinis 
lived  upon  it,  perforating  it  in  all  directions.  Again,  before  the 
infant  colony  settled  upon  the  drift  wood,  the  branch  of  a  tree  roust 
have  been  floated  down  to  the  sea  by  a  river,  uprooted,  perhaps,  by  a 
flood,  or  torn  off  and  cast  into  the  waves  by  the  wind :  and  thna  our 
thoughts  are  carried  back  to  a  prior  period,  when  the  tree  grew  for 
years  on  dry  land,  enjoying  a  fit  soil  and  climate. 

It  has  been  already  remarked  that  there  are  rocks  in  the  interior 
of  continents,  at  various  depths  in  tbe  earth,  and  at  great  heights 
above  the  sea,  almost  entirely  made  up  of  the  remains  of  zoophytes 
and  testacea.  Sucb  masses  may  be  compared  to  modem  oyster-beds 
and  coral-reefs ;  and,  like  them,  the  rate  of  increase  must  have  been 
extremely  gradual  But  there  are  a  VEU'iety  of  slony  deposits  in  the 
earth's  crust,  now  proved  to  have  been  derived  from  plants  and 
animals  of  which  the  organic  origin  was  not  suspected  until  of  Ute 
years,  even  by  naturalists.  Crreat  surprise  was  therefore  created  by 
the  recent  discovery  of  Professor  Ehrenberg,  of  Berlin,  that  a  certain 
kind  of  siliceous  stone^  called  tripoli,  was  entirely  composed  of  mil- 
lions of  the  remains  of  oi^anic  beings,  which  were  formerly  referred 
to  microscopic  Infusoria,  but  which  are  now  supposed  to  be  plants. 
They  abound  in  freshwater  lalies  and  ponds  in  England  and  other 
countries,  and  are  termed  Diatomacece  by  those  naturalists  who 
believe  in  their  vegetable  origin.    Tbe  substance  alluded  to  baa 
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long  been  well  knovn  in  the  arts,  being  used  in  the  form  of  powder 
for  polishing  stones  ftod  metals.  It  has  been  procured,  among  other 
places,  from  Bilin,  in  Bohemia,  where  a  single  stratum,  extending 
oTcr  a  wide  area,  is  no  less  than  14  feet  thick.  This  stone,  when  ex- 
d  with  a  poirerful  microscope,  is  found  to  consist  of  the  sili- 
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ceoDs  plates  or  frostules  of  the  above-men tioned  Diatomacen,  united 
together  withont  Kaj  visible  cement.  It  is  difficult  to  convej  an  idea 
of  their  extreme  minuteness ;  but  Ebrenberg  estimates  that  ia  the 
Bilin  tripoli  there  are  41,000  millions  of  individuals  of  the  GaiUoneUa 
dittant  (see  fig.  17.)  in  every  cubic  inch,  which  weighs  about  220 
grains,  or  about  187  millions  in  a  single  grain.  At  every  stroke, 
therefore,  that  we  m^e  with  this  polishing  powder,  several  millionth 
perhaps  tens  of  millions,  of  perfect  fossils  are  crushed  to  atoms. 

The  remains  of  these  Diatomsceta  are  of  pure  silex,  and  their  forms 
are  various,  but  very  marked  and   constant  in  particular  genera 
and  species.     Thus,  in  the 
'*■*'  "*■"•     family  .BaciKaria  (see  flg. 

16.),  the  fossils  preserved 
in  tripoli  are  seen  to  ex- 
hibit the  same  divisions 
and  transverse  lines  which 
characterize  the  living  spe- 
cies of  kindred  form.  With 
these,  also,  the  siliceous 
spicula  or  iniemal  sup- 
ports of  the  freshwater 
fponge,  or  Spongilla  of 
Lamarck,  are  sometimes  iB- 
termingled  (see  the  ncedl©- 
shaped  bodies  in  fig.  20.). 
These  flinty  cases  and  sjd- 
culs9,  although  hard,  are 
very  fragile,  breaking  like 
glass,  and  are  therefore 
admirably  adapted,  when 
rubbed,  for  wearing  down 
into  a  fine  powder  fit  for 
»™,«^rf«.t*p.i(ro«ih.i™ibBiofwpoi].Biiin.  polishing  the  surface  of 
na.li.  NMuniiiH.  metals. 

"^^   l^*^:T^^-S!SSi^"S!':p'I^'S     Besides  the  tripoli,fonned 
*-««*  exclusively  of  the  ftasils 


I,  L.OOgIc 


i6  FOSaiL   INFCBOBIA.  [Ch;  IIL 

above  deftcribed,  there  occnrs  in  the  upper  part  of  the  great  stratum 
at  Bilia  another  heavier  and  more  compact  stone,  a  kind  of  semi- 
opal,  in  which  innumerable  parts  of  Diatomaceai  and  spiculK  of  the 
Spongilla  are  filled  with,  and  cemented  together  bj,  siliceous  matter. 
It  is  supposed  that  the  siliceous  remains  of  the  mo9t  delicate  Dia- 
tomaces  have  been  dissolved  by  water,  and  have  thua  given  rise  to 
this  opal  in  which  the  more  durable  fossils  are  preserved  like  insects 
in  amber.  Hiis  opinion  is  confirmed  by  the  fact  that  the  organic 
bodies  decrease  in  number  and  sharpness  of  outline  in  proportion  as 
the  opaline  cement  increases  in  quantity. 

In  the  Bohemian  tripoli  above  described,  as  in  that  of  Planitz  la 
Saxony,  the  species  of  Diatomacess  (or  Infusoria,  as  termed  by  Ehren- 
berg)  are  freshwater  ;  but  in  other  countries,  as  in  the  tripoli  of  the 
Isle  of  France,  they  are  of  marine  species,  and  tbey  all  belong  to 
formations  of  the  tertiary  period,  which  will  be  spoken  of  hereafter. 

A  well-known  substance,  called  b<^-iron  ore,  often  met  with  in 
peat-mosses,  has  also  been  shown  by  Ehrenberg  to  consist  of  innu- 
merable articulated  threads,  of  a  yellow  ochre  colour,  composed 
partly  of  Hint  and  partly  of  oxide  of  iron.  These  threads  are  the 
cases  of  a  minute  microscopic  body,  called  GaiUotieUa  ftrruginta 
(8g.  18.). 

It  is  clear  that  much  time  most  have  been  required  for  the  accu- 
mulation of  strata  to  which  countless  generations  of  Diatomacete  have 
contributed  their  remains  ;  and  these  discoveries  lead  us  naturally  to 
suspect  that  other  deposits,  of  which  the  materials  have  been  sup- 
posed to  be  inorganic,  may  in  reality  be  composed  chiefly  of  micro- 
scopic organic  bodies.  That  this  is  the  case  with  the  white 
chalk,  has  often  been  imsgined,  this  rock  having  be«n  observed  to 
abound  in  a  variety  of  marine  fossilii,  such  as  echini,  testacea, 
bryozoH,  corals,  sponges,  crustitcea,  and  fishes.  Mr.  Lonsdale,  on 
examining,  in  Oct.  1835,  in  the  Museum  of  the  Geological  Society  of 
London,  portions  of  white  chalk  from  different  parts  of  England, 
found,  on  carefully  pulrerixing  them  in  water,  that  what  appear  to 
the  eye  simply  as  white  grains  were,  in  fact,  well  preserved  fossils. 
He  <j>tained  above  a  thousand  of  these  from  each  pound  weight  of 
chalk,  some  being  fragments  of  minute  bryozoa  and  corallines,  others 
entire  Foraminifera  and  Cytheridee.  The  annexed  drawings  will 
give  an  idea  of  the  beautiful  forms  of  many  of  these  bodies.  The 
figures  a  a  represent  their  natural  sice,  but,  minute  as  they  seem,  the 

f>MmU«  UKl  HimntatftH  fm  tbeclmlk. 
Fig.  II.  Fl(.  B.  Fli.  B.  Hi-M. 
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smallest  of  them,  such  as  «,  fig.  24.,  are  gigantic  in  comparison  with 
the  cases  of  Diatomacea  before  mentioned.  It  has,  moreover,  been 
lately  discovered  that  the  chambers  into  which  these  Foraminifera 
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■re  divided  are  ftctually  often  filled  witti  thonsande  of  well-preserved 
ctt^aaie  bodies,  which  abound  in  eveiy  miDute  grain  of  chalk,  and 
are  especiallj  t^parent  in  the  white  coatiiig  of  flintB,  often  accom- 
panied by  innnmenble  needle-shaped  spicule  of  sponges.  After 
reflecting  on  ttiese  discoTeries,  we  are  naturally  lad  on  to  conjecture 
that,  as  the  formless  cement  in  the  semi-o^  of  Bilin  haa  been 
derived  from  the  decomposition  of  animal  and  regetable  remains,  so 
also  man;'  chalk  flints  in  which  no  organic  structure  can  be  re- 
ci^nixed  may  BeTertheleas  have  constituted  a  part  of  microscopic 
animalcoleo. 

■*ne  dwt  we  tread  upon  WM  once  alire  1 " — Braoir. 

How  faint  an  idea  does  Utis  exclamation  of  the  poet  convey  of 
tbe  re*l  wonders  of  naturel  for  here  we  discover  proofs  that  the 
caJcareona  mnd  siliceous  dust  of  which  hills  are  composed  has  not 
only  be«a  once  alive,  but  almaat  eveiy  particle,  albeit  invisible  to 
the  naked  e3re,  still  retains  the  organic  structure  which,  at  periods 
of  time  incalcmlably  remot^  was  impressed  npon  it  by  tbe  powers 
of  life. 

Fretitoaier  and  fiiarine /ouiii — Strata,  whether  deposited  in  salt 
or  fresh  water,  have  the  same  forms ;  but  the  imbedded  fossils  are 
very  diffei«nt  in  the  two  cases,  becasse  the  aquatic  animals  which 
frequent  lakes  and  rivers  are  distinct  from  those  inhabiting  tbe  sea. 
In  the  oortbem  part  of  the  Isle  of  Wight  formations  of  marl  and 
hmestOMe,  more  than  50  feet  thick,  occur,  in  which  tbe  shells  are 
principaUy,  if  not  all,  of  extinct  species.  Yet  we  recognize  their 
freshwater  «rigiB,  because  the;  are  of  the  same  genera  as  those  now 
abonndiag  in  ponds  and  lakes,  either  in  our  own  country  or  in 
wanner  latitudes. 

In  many  parts  of  France,  as  in  Auvergne,  for  example,  strata  of 
limestone,  marl,  and  sandstone  are  found,  hundreds  of  feet  thick, 
which  contain  exclusively  freshwater  and  land  sbeUs,  together  with 
the  remains  of  terrestrial  quadrupeds.  The  number  of  land  shells 
scattered  through  some  of  these  freshwater  deposito  is  exceedingly 
great ;  and  there  are  districts  in  Giermany  where  the  rocks  scarcely 
contain  aay  other  fossils  except  snail-shells  (Julket) ;  as,  for  instsuce, 
tbe  limestMte  on  the  left  bank  of  the  Bhine,  between  Mayence  and 
'Wonaa,  at  Oppenheun,  Findheim,  Budenheim,  and  other  places.  In 
order  to  scconnt  for  this  phenomenon,  the  geologist  has  only  to 
examine  the  small  deltas  of  torrents  which  enter  the  Swiss  lakes 
when  the  waters  are  tow,  such  as  the  newly-formed  plain  where  the 
Ktoder  onters  the  Lake  of  Thaa.  He  there  sees  sand  and  mud 
strewed  over  with  inanmerable  dead  land  shells,  wliich  have  been 
brongbt  down  from  valleys-  in  the  Alps  in  the  preceding  spring, 
during  the  melting  of  the  saows.  Again,  if  we  search  the  sands  on 
the  borders  of  the  Bhine,  in  tbe  lower  part  of  its  course,  we  find 
conntleaB  land  shells  mixed  with  others  of  species  belonging  to  lakes, 
stagnant  pools,  and  marshes.     These  individuals  have  been  washed 
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nw&y  from  the  alluvial  plains  of  the  great  river  and  its  tributariei, 
Bome  from  mountainous  regions,  others  from  the  low  country. 

Although  freshwater  fonnations  are  often  of  great  thickness,  yet 
they  are  usoally  veiy  limited  in  area  when  compared  to  marina 
depouts,  just  as  lakes  and  estuaries  are  of  small  dimensions  in  com- 
parison with  seas. 

The  absence  of  many  fossil  forms  oeaallj  met  with  in  marine 
strata,  affords  a  useful  negative  indication  of  the  freshwal«r  origin 
of  a  formation.  Far  example,  there  are  do  sea-nrchins,  no  corals, 
no  chambered  shells,  such  as  tbe  nautilus,  nor  microscopic  Forami- 
nifera  in  lacustrine  or  fluviatile  deposits.  In  distinguishing  the 
Utter  from  formations  accumulated  in  the  sea,  we  are  chiefly  guided 
by  the  forms  of  the  molluscs  In  a  freshwater  deposit,  tbe  number 
of  individual  shells  is  often  ae  great  as  in  a  marine  stratum,  if  not 
greater  ;  hut  there  is  a  smaller  variety  of  species  and  genera.  This 
might  be  anticipated  from  the  fact  that  the  genera  and  species  of 
recent  freshwater  and  land  shells  are  few  when  contrasted  with  the 
marine.  Thus,  the  genera  of  trne  moUusca  according  to  Woodward's 
system,  excluding  those  altogether  extinct  and  those  without  shells, 
amount  to  446  in  number,  of  which  the  terrestrial  and  freshwater 
genera  scarcely  form  more  than  a  fifth.* 

Almost  all  bivalve  shells,  or  those  of  acepbalona  mollusca,  are 
marine,   about  aixleen  only  out  of  140  genera  being  freshwater. 


Among  these  last,  the  four  most  common  fonnS)  both  recent  and 
fossil,  are  Cj/ciai,  Cjfrena,   Vhio,  and  Aitodonta  (see  figures);  the 
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two  first  and  two  last  of  which  are  so  nearly  allied  as  to  pass  into 
each  other. 

■  See  Woodward's  Manual  at  the  Molliuca,  18B6. 
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Lamarck  dirided  the  bivalve  moUoBca  into 
the  Dimyary,  or  those  having  two  Urge  mus- 
cular impresaions  in  each  valve,  as  a  &  in  the 
Cyclas,  fig.  25.,  aod  the  MoTwmyary,  such  as 
the  ojeter  and  scallop,  in  which  there  is  only 
L  one  of  these  iropressions,  as  is  seen  in  fig,  30. 
I  Now,  as  none  of  these  last,  or  the  unimuscular 
bivalves,  are  fresh-vater*,  we  may  at  once  pre- 
sume a  deposit  in  which  we  find  any  of  them 
to  be  marine. 
*'     The  univalve  shells  most  charBcteristic  of 
fresh-water  ^posits  ar^  ^anorhii,  Limnaa,  and  Paludina,    (See 
nt.ji,  ng.M.  Fi».M. 


figurea.)  But  to  these  are  occasionally  added  Fht/M,  Sueeinea, 
Aneylui,  Vaivabi,  Melanopnt,  Mrlania,  Fdtamidtt,  and  iVenftNo. 
(Seefignree.) 

fV-S4.  Flf.».  "«■•* 
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Some   naturaJists   iaclade  NerUina   (Sg.  42.)    wid    the    marine 

Kerita  (fig.  43.)  ia  the  auao  genus,  it  being  ecarcel;  possible  to 
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distinguish  the  two  b^  good  generic  characters.  But,  as 
A  general  rule,  the  lluviatile  species  are  smaller,  smoothw, 
and  more  globular  than  the  marine ;  and  they  have  never, 
like  the  Nerita,  the  inner  margin  of  the  outer  lip  tootbed 
or  cr«nulated.     (See  fig.  43.) 

The  Fotamides  inhabit  the  months  of  rivers  in  warm 
latitudes,  and  are  distinguishable  from  the  marine  ceritbia 
by   tbeir  orbicular  and  multispiral  opercula.     The  genus    eaavutn 
auricula  (fig.  38.)  is  ampbibious,  frequenting  swamps  and  STS?^','?™' 
marshes  witbin  the  influence  of  the  tide. 

Tbe  terrestrial  sbells  are  all  univalves.  The  most  important 
genera  among  tbese,  both  in  a  recent  and  fossil  state,  are  UeUx 
(fig.  45.),   C}/elo»toma  (fig.  46.^  Pvpa  (flg.  47.),  ClauaiUa  (fig.  48.), 
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Bulimut  (fig,  49.),  Glandina,  and  AehaHna. 

The  AmpuUaria  (fig.  50.)  ia  another  genus  of  shells,  inhabiting 
rig-w.  rivers  and  ponds  in  hot  countries.     Many  fossil 

ahells  formerly  referred  to  this  genus,  and  which 
have  been  met  witb  chiefly  in  marine  formations, 
are  now  considered  by  concbologists  to  belong  to 
iVafi'ca  and  other  marine  genera. 

AH  univalve  sbella  of  land  and  freshwater  spe- 
cies, witb  tbe  exception  of  Mtlanoptis  (fig.  41,), 
A      oariA  la         ""'^  AehaHna,  wbicb  has  a  slight  indentation,  have 
irom  the  Juiniii.      entire  mouths  ;    and  this  circumstance  may  often 
serve  as  a  convenient  rule  for  distinguishing  freshwater  from  marine 
strata;  since,   if  any  univalves  occur  of  which  tbe  mouths  are  not 
entire,  we  may  presume  that  the  formation  is  marine.     Tbe  aper- 
ture b  said  to  be  entire  in  such  shells  as  the  AmpuUaria  and  the 
land    shellB   (figs.  45  —  49.),    when   its   ouUine  is  not  interrupted 
by  an  indentation  or  notch,  such  as  tbat  seen  at  &  in  Ancillaria 
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(■fig.  52.) ;  or  IB  not  prolonged  into  a  canal,  as  that  seen  at  o  in 
Pkuratoma  (fig.  51.). 

The  mouthe  of  a  large  proportion  of  the  marine  univalves  have 
these  notches  or  canals,  and  alrooet  aU  such  species  are  carnivorous  ; 
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whereas  nearly  all  testacea  having  entire  mouths,  are  plant-eaters ; 
whether  the  species  be  marine,  freshwater,  or  terrestriaL 

There  is,  however,  one  genus  which  affords  an  occasional  ex- 
c^Kioa  to  one  of  the  above  rules.  The  Ceritkiuia  (fig.  44.), 
aMongh  provided  with  a  short  canal,  comprises  some  species  which 
inhabit  salt,  others  brackiah,  and  others  fresh  water,  and  Uiey  are 
said  to  be  all  plant-eaters. 

Among  the  fossib  very  common  in  freshwater  deposits  are  the 
shells  of  Cyprit,  a  minute  cmstaceous  animal,  having  a  shell  much 
reaembling  tha  of  the  bivalve  mollusca."  Many  minute  living 
Epeciefl  of  thb  geaos  swarm  in  lakes  and  stagnant  pools  in  Gireat 
Uritain  ;  but  their  shells  are  not,  if  considered  separately,  conclusive 
■s  to  the  freshwater  origin  of  a  deposit,  because  the  majority  of 
epeciea  in  another  kindred  genus  of  the  same  order,  the  Cythnrina  of 
Lamarck  (see  above,  fig.  21.  p.  26.),  inhabit  salt  water ;  and,  although 
the  anim^  difierg  slightly,  the  shell  is  scarcely  distinguishable  from 
that  of  the  Cyprit. 

The  seed-vessels  and  stems  of  Ckara,  a  genus  of  aquatic  plants, 
are  very  frequent  in  freshwater  strata.  These  seed-vessels  were 
called,  before  their  true  nature  was  known,  gjrogonites,  and  were 
fiapposed  to  be  foraminiferous  shells.     (See  fig.  53.  a.) 

The  Charm  inhabit  the  bottom  of  lakes  and  ponds,  and  flourish 
mostly  where  the  water  is  charged  with  carbonate  of  lime.  Their 
ued-vessels  are  covered  with  a  very  tough  integument,  capable  of 
resisting  decomposition ;  to  which  circumstance  we  may  attribute 
their  abnodance  in  a  fossil  state.  The  annexed  figure  (fig.  54.) 
represents  a  branch  of  one  of  many  new  species  found  by  Professor 
Amici  in  the  lakes  of  Northern  Italy.  The  seed-vessel  in  this  plant 
is  more  globular  than  in  the  British  Charte,  and  therefore  more 
nearly  resembles  in  form  the  extinct  fossil  species  found  in  England, 

*  Vor  BgDiei  of  foaul  ap^dxa  of  Furbecl,  bm  below,  ch.  xx. 
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Fruice,  and  other  countriea.     The  itemB,  as  well  as  tb»  seed-vessetB, 
of  these  plants  occur  both  in  modem  sbell  mail  and  in  ancient 

FI(.U.  Flf.M. 


freshwat«r  formations.  The;  are  generally  composed  of  &  large 
tube  sunronoded  by  smaller  tubes ;  the  whole  stem  being  divided  at 
certain  interrals  bj  transrerse  partitions  or  joints.     (See  6,  fig.  53.) 

It  is  not  nncommon  to  meet  with  layers  of  vegetable  matter, 
impreesioDS  of  leares,  and  branches  of  trees,  in  strata  contiuning 
freshwater  shells;  and  we  also  find  occasionally  the  teeth  and  bones 
of  land  quadrupeds,  of  species  now  unknown.  The  manner  in 
which  sudi  remains  are  occasionally  carried  by  rivers  into  lakes, 
especially  during  floods,  has  been  fully  treated  of  in  the  "  ]^inciplea 
of  Geology."" 

The  remains  of  fish  are  occasionally  useful  in  determining  the 
freshwater  origin  of  strata.  Certain  genera,  such  as  carp,  perch, 
pike,  and  loach  (Cyprmvs,  Perea,  E*ox,  and  Cobitit),  as  also  Lebiai, 
being  peculiar  to  freshwater.  Other  genera  contain  some  freshwater 
and  some  marine  species,  as  Cottiu,  JUugii,  and  AngviHa,  or  eeL 
The  rest  are  either  common  to  rivers  and  the  sea,  as  the  salmon ;  or 
are  exclusively  characteristic  of  salt  water.  The  above  obeoiira- 
tions  respecting  fossil  fishes  are  applicable  only  to  the  more 
modem  or  tertiary  deposits ;  for  in  the  more  ancient  rocks  the 
forms  depart  so  widely  from  those  of  existing  fishes,  that  it  is  veiy 
difficult,  at  least  in  the  present  state  of  science,  to  derive  any  positive 
informatioa  from  icthyolites  respecting  the  element  in  which  strata 
were  deposited. 

The  alternation  of  marine  and  freshwater  formations,  both  on  % 
small  and  large  scale,  are  facts  well  ascertained  in  geology.  When 
it  occurs  on  a  smaU  scale,  it  may  have  arisen  from  the  alternate 
occupation  of  certain  spaces  by  river  water  and  the  sea ;  for  in  the 
flood  season  the  river  forces  back  the  ocean  and  freshens  it  over  a 
large  area,  depouting  at  the  same  time  its  sediment ;  after  which  the 
salt  water  again  returns,  and,  on  resuming  its  former  place,  brings 
with  it  sand,  mad,  and  marine  shells. 


*  Bee  Index  of  Principles,  "  FoadlhatiML' 
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There  mre  ibo  lagoons  ftt  the  months  of  many  rivers,  u  the  Nile 
lod  HissiBsippi,  which  are  divided  off  bj  bora  of  sand  from  the  sett, 
tnd  which  are  filled  with  salt  and  fresh  water  by  turns.  Thej  often 
ecmmimicmte  exclosivelj  with  the  river  for  months,  years,  or  even 
(nturiet ;  And  then  a  breach  being  made  in  the  bar  of  suid,  they 
we  for  long  periods  filled  with  salt  water. 

The  Lym-Fiord  in  Jutland  offers  an  excellent  illuBtratioii  of 
tiulogoas  changes;  for,  in  the  course  of  the  last  thousand  years,  the 
weatein  extremity  of  this  long  frith,  which  is  120  mUes  in  length, 
including  its  windings,  baa  been  four  times  fresh  and  four  times  salt, 
a  bar  of  sand  between  it  and  the  ocean  having  been  as  often  formed 
ud  removed.  The  last  irraption  of  salt  water  happened  in  1824, 
vhen  the  Korth  Sea  entered,  killiDg  all  the  freshwater  ahells,  fish, 
■nd  plants  ;  and  from  that  time  to  the  present,  the  sea-weed  Fttcta 
ttnenioHu,  together  with  oysters  and  other  marine  mollusca,  have 
niceeeded  the  Cyehu,  Lymnea,  Pabidina,  and  Charm.'* 

Sot  obangea  like  these  in  the  Lym-Fiord,  and  those  before  tnen- 
tiooed  aa  oeuumog  tA  the  months  of  great  rivers,  will  only  aocount 
lot  same  cases  of  marine  deposits  of  partial  extent  resting  on  fresh- 
wMer  stratiL  When  we  find,  aa  in  the  south-east  of  England,  t, 
greu  series  of  freshwater  beds,  1000  feet  in  thickness,  resting  apon 
urine  formations  and  again  covered  by  other  rocks,  snch  as  the 
cKtaceons,  more  than  1000  feet  thick,  and  of  deep-sea  origin,  we 
ihiU  find  it  necessary  to  seek  for  a  difierent  explanation  of  tibe  phe- 


CHAPTEB  IT. 

OQHSOLIIIAllOK  Or   BTBATl.  AKD  FETKIVACTIOM  OF 

dmacal  utd  mechanical  depo«it« — Cementing  together  of  particki — Hardening 
bjexpoanre  to  air — Cmcretioiuuj  nodolei — CoDBolidoting  effecte  of  premire — 
UiiMnlkiiion  of  organic  remaJnt—ImpieHioiiB  luid  cuts  how  formed — Forail 
vtod — Goppert*!  experimeDti — nedpitKtion  of  atonj  matter  moit  rapid  where 
pqbAetioQ  ii  going  on — Sonrae  of  lime  in  solution — gilsK  derived  tiom  de- 
coBpoAkni  of  fUapar — Frooft  of  the  lapidiflcation  of  some  itaoili  aocm  alter 
Inii^  of  othen  when  much  decsjed. 

Hivmo  spoken  in  flie  preceding  chapters  of  the  cbaracter*  of  sedi- 
OKntarj  formations,  both  as  dependent  on  the  deposition  of  inorganic 
matter  and  the  distribution  of  fossils,  I  may  next  treat  of  the  con- 
K^dation  of  stratified  rocks,  and  the  petrifaction  of  imbedded  oi-- 
giaic  remains. 
Chemieal  and  mtehanieal  depottU.  —  A  distinction  has  been  made 

*  8m  Prindplei,  Indeic,  "'Ljm-FUiri.'' 
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by  geo1<^st>  between  deposits  of  it  chemical,  and  those  of  a  me- 
cfaaaical,  origin.  Bj  the  latter  name  are  designated  beds  of  mnd, 
sand,  or  pebbles  produced  by  the  action  of  running  water,  also  ac- 
cumnlatioas  of  stones  and  scorin  thrown  out  by  a  volcano,  which 
hare  fallen  into  their  present  place  by  the  force  of  gravitation.  But 
the  matter  which  forms  a  chemical  deposit  has  not  been  mechanically 
suspended  in  water,  but  in  a  state  of  solution  until  separated  by 
chonical  action.  In  this  manner  carbonate  of  lime  is  often  pre^pi- 
tated  upon  the  bottom  of  lakes  and  seas  in  a  solid  form,  as  may  be 
well  seen  in  many  parts  of  Italy,  where  tniaeral  springs  abound,  and. 
where  the  calcareous  stone,  called  travertin,  is  deposited.  In  these 
springs  the  lime  is  usually  held  in  solution  by  an  excess  of  carbonio 
acid,  or  by  heat  if  it  be  a  hot  spring,  until  the  water,  on  issuing  from 
the  earth,  cools  or  loses  part  of  its  acid.  The  calcareous  matter  then 
fUls  down  in  a  solid  state,  encrusting  shells,  fragments  of  wood  and 
leaves,  uid  binding  them  togetiwr.* 

In  coral  reefs,  large  masses  of  limestone  are  formed  by  the  stony 
skeletons  of  zoophytes ;  and  these,  together  witji  shells,  become  ce- 
mented together  by  carbonate  of  lime^  part  of  which  is  probably 
furnished  to  the  sea  water  by  the  decomposition  of  dead  corals. 
Even  shells  of  which  the  animals  are  still  living,  on  these  reefs,  are 
very  commonly  found  to  be  encrusted  over  with  a  bard  coating  of 
limestone,  t 

If  sand  and  pebbles  are  carried  by  a  river  into  the  sea,  and  tJiese 
are  bound  together  immediately  by  carbonate  of  lime,  the  deposit 
may  be  described  as  of  a  mixed  origin,  partly  chemical,  and  partly 
mechaoicaL 

Now,  the  remarks  already  made  in  Chapter  IL  on  the  original 
horizoatality  of  strata  are  strictly  applicable  to  mechanical  deposits, 
and  only  partially  to  those  of  a  mixed  nature.  Such  as  are  purely 
chemical  may  be  formed  on  a  very  steep  slope,  or  may  even  entanat 
the  vertical  walla  of  a  fissure,  and  be  of  equal  thickness  throughout ; 
but  such  deposits  are  of  small  extent,  and  for  the  most  part  confined 
to  veio-stones. 

CetHtntitiff  of  partielei.  —  It  is  chiefly  in  the  case  of  calcareous 
locks  that  solidification  takes  place  at  the  time  of  deposition.  Bnt 
there  are  many  deposits  in  which  a  cementing  process  comes  into 
operation  long  afterwards.  We  may  sometimes  observe,  where  the 
water  of  ferruginous  or  calcareous  springs  has  flowed  through  a  bed 
of  sand  or  gravel,  that  iron  or  carbcmate  of  lime  has  been  deposited 
in  the  interstices  between  the  grains  or  pebbles,  so  that  in  certtun 
places  the  whole  has  been  bonnd  together  into  a  stone,  the  same  aet 
of  strata  remaining  in  other  parts  loose  and  incoherent. 

Proofs  of  a  similar  cementing  action  are  aeen  in  a  rock  at  Eello- 
way  in  Wiltshire.  A  peculiar  band  of  sandy  atrata  belonging  to  the 
group  called  Oolite  by  geologists,  may  be  traced  through  several 
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coaniiw,  the  Bxnd  beiog  for  the  moet  part  loose  uid  unconsolid&ted, 
but  becoming  stonj  nev  Kelloway.  In  this  district  there  are  na- 
merouB  fosail  sheila  which  hare  decomposed,  having  for  the  most 
part  left  on\j  their  casts.  The  calcareous  matter  hence  dertTed  has 
evidentlj  served,  at  some  former  period,  as  a  cement  to  the  siliceons 
grains  of  sand,  and  thus  a  solid  sandstone  has  been  produced.  If  we 
take  fragments  of  many  other  argillaceotia  grits,  retvning  the  casta 
of  shells,  and  plunge  them  into  dilute  muriatic  or  other  acid,  we  see 
them  immediately  changed  into  common  sand  and  mud ;  the  cement 
of  lime,  deriTed  from  the  sheUs,  having  been  dissolTed  bj  the  acid. 

Traces  of  impreesions  and  casts  are  often  extremely  faint.  In 
some  loose  sands  of  recent  date  we  meet  with  shells  in  so  advanced 
a  ataga  of  decomposition  as  to  cnunble  into  powder  when  touched. 
It  is  clear  that  water  percolating  such  strata  may  soon  remove  the 
dlcareons  matter  of  the  shell ;  and  unless,  circumstances  cause  the 
carbonate  oTUme  to  be  again  deposited,  the  grains  of  sand  will  not 
be  conented  together ;  in  which  case  no  memorial  of  the  fossit  will 
remain.  The  absence  of  organic  remains  from  mnaj  aqueoas  rocks 
maj  be  thoa  explained ;  but  we  maj  preanme  that  ia  many  of  them 
no  foauls  were  evw  imbedded,  as  there  are  extensive  tracts  on  the 
bottoms  of  existing  seas  even  of  moderate  depth  on  which  no  frag- 
ment of  shell,  coral,  or  other  Uving  creature  can  be  detected  by 
dredging.  On  the  other  band,  there  are  parts  of  the  Mediterraneaa 
(the  .£geaB  sea  for  example),  where,  according  to  Prof.  E.  Forbes, 
tbe  lero  of  animal  life  has  bean  reached,  at  the  depth  of  230  fathoms ; 
a  deposit  of  yellowish  mod  of  very  uniform  character,  and  devoid  of 
orgaaie  remuns,  being  there  >Q  progress.*  Later  experimrata,  how- 
tter,  have  proved  that  organic  beings  inhabit  other  parts  of  the 
same  aea  at  considerably  greater  depths. 

In  what  manner  silex  and  carbonate  of  lime  may  become  widely 
diffused  in  small  quantities  throngh  tbe  waters  which  permeate  the 
earth's  crust  will  be  spoken  of  presently,  when  the  petrifoctioii  of 
fossil  bodies  is  considered ;  but  I  may  remark  here  that  such  waters 
are  always  passing  in  the  cose  of  thermal  springs  ftom  hotter  to 
colder  parts  of  the  interior  of  the  earth ;  and,  as  often  as  the  tern* 
pentoie  of  the  solvent  is  lowered,  mineral  matter  has  a  tendency  to 
separate  frtm  it  and  solidify.  Thus  a  stony  cement  is  often  supplied 
to  oaad,  pebbles,  or  any  fragmentary  mizture.  In  some  conglo- 
merates, Bke  the  pudding-stone  of  Hertfordshire  (a  Lower  Eocene 
depoeit),  pebbles  of  flint  and  grains  of  sand  are  united  byt  a  siliceous 
eement  so  firmly,  that  if  a  block  be  fractured  the  teat  passea  as  readily 
ihnmgh  the  pebbles  as  through  tbe  cement. 

It  ia  probable  that  many  strata  became  solid  at  the  time  when  they 
eoaerged  from  the  waters  in  whitA  they  were  deposited,  and  when 
thcj  first  formed  a  port  of  the  dry  land.  A  well-known  fkct  seems 
to  oonfirm  this  idea:  by  fer  the  greater  nnmber  of  the  stones  used 
Itr  bdlding  aod  road-nUkiog  are  much  softer  when  first  taken  ima 

•  Bepoit  bit.  Ah.  1B«S,  p.  178. 
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the  qaarry  than  after  thej  hare  been  long  exposed  to  the  mf;  and 
thefie,  when  once  dried,  may  afterwards  be  immersed  for  any  length 
of  time  ID  water  without  becoming  soft  again.  Hence  it  is  fonnd 
desirable  to  shape  the  stones  which  are  to  be  used  in  architecture 
while  they  are  yet  soft  and  wet,  and  while  they  contain  their 
"  quarry- water,""  as  it  is  called ;  also  to  break  up  Btone  intended  for 
roads  when  soft,  and  then  leave  it  to  dry  in  tlie  air  for  months  that 
it  may  harden.  Such  induraUon  may  perhaps  be  accounted  for  by 
supposing  the  water,  which  penetrates  the  minutest  pores  of  rocks, 
to  deposit,  on  evaporation,  carbonate  of  lime,  iron,  sUex,  and  other 
minerals  previously  held  in  solution,  and  thereby  to  Hll  up  the  pores 
partially.  These  jiardcles,  on  crystallizing,  would  not  only  be  them- 
selves  deprived  of  freedom  of  motion,  but  would  also  bind  together 
other  portions  of  the  rock  which  before  were  loosely  aggregated. 
On  the  same  principle  wet  sand  and  mud  become  as  hard  as  stone 
when  frozen ;  because  one  ingredient  of  the  mass,  namely,  the  water, 
has  crystallized,  so  as  to  hold  firmly  together  all  the  separate  particles 
of  which  the  loose  mud  and  sand  were  composed. 

Dr.  MacCullocb  mentions  a  sandstone  in  Skye,  which  may  be 
moulded  like  dough  when  first  found;  aud  some  simple  minerals, 
which  are  rigid  and  as  hard  as  glass  in  our  cabinets,  are  often  flexible 
and  soft  in  their  native  beds;  this  is  the  case  with  asbestos,  sahlite, 
tremolite,  and  chalcedony,  and  it  is  reported  also  to  happen  in  tlio 
case  of  tlie  beryl.  * 

The  marl  recently  deposited  at  the  bottom  of  Lake  Superior,  in 
North  America,  is  soft,  and  often  filled  with  freshwater  shells ;  bat 
if  a  piece  be  ti^en  up  and  dried,  it  becomes  so  hard  that  it  can  only^ 
be  broken  by  a  smart  blow  of  the  hammer.  If  the  lake  therefore  was 
drained,  such  a  deposit  would  be  fonnd  to  consist  of  strata  of  marl- 
Btone,  like  that  observed  in  many  ancient  European  formationa,  and 
like  them  contiuning  freshwater  shells. 

It  is  probable  that  some  of  the  heterogeneous  materials  whicb 
rivers  transport  to  the  sea  may  at  once  set  under  water,  like  the  arti- 
ficial mixture  called  poszolana,  which  consists  of  fine  volcanic  sand 
charged  with  about  20  per  cent,  of  oxide  of  iron,  and  tlie  additioa  of 
a  small  quantity  of  lime.  This  substance  hardens,  and  becomes  a 
solid  stone  in  water,  and  was  used  by  the  Bomans  in  constructing 
the  foundations  of  buildings  in  the  sea. 

Consoltdatioa  in  these  cases  is  brought  about  by  the  action  of 
chemical  affisi^  on  finely  comminuted  matter  previously  suspended 
in  water.  After  deposition  similar  particles  seem  to  exert  a  mutual 
attraction  on  each  other,  and  congregate  together  in  particular  spots 
forming  lumps,  nodules,  and  concretions.  Thus  in  many  argillaceoas 
deposits  there  are  calcareous  balls,  or  spherical  concretions,  ranged 
in  layers  parallel  to  the  general  stratification  ;  an  arrangement  which 
took  place  after  the  sht^  or  marl  had  been  thrown  dawn  in  succes- 
sive laminm;  for  these  lamince  are  often  traced  in  the  concretions, 

*  Dr.  MuCoUoch,  Sjst.  of  QeoL  voL  L  p.  1S3. 
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reauuniog  parallel  to  those  of  the  aurrouDc^ing  unconsolidated  rock. 
Fii. M.  {See  fig.  £5.)     Such  nodulea  of  lime- 

Btone  have  often  a  shell  or  other  foreign 
^1  body  in  the  centre.* 

Among  the  most  remarkable  ex- 
iples  of  concretionary  structure  are 


these  described  by  Professor  Sedgwick 
H  abonnding  in.  tLa  magnesiaa  limestone  of  the  north  of  England. 
The  spherical  balls  are  of  various  sizes,  from  that  of  a  pea  to  a  dia- 
Deter  of  several  feet,  and  they  have  both  a  concentric  and  radiated 
ttnicture,  while  at  the  some  time  the  lamine  of  original  deposition 
{ttss  nnioterruptedlj  through  them.  In  some  cliiTs  this  limestone 
roembleaagreat  irregular  pile  of  cannon  balls.  Some  of  the  globular  - 
mutes  have  their  centre  in  one  stratum,  while  a  portion  of  their 
exterior  passes  through  to  the  stratum  above  or  below.  Thus  the 
largerspheroidinthe  annexed  section  (fig.  56.)  passes  from  the  stratum 
Fic.  w.  b  upwards  into  a.     In  this  instance  we 

must  suppose  the  deposition  of  a  series 
r  layers,  first  fomuog  the  stra- 
tum b,  and  afterwards  the  incumbent 
stratum  a ;  then  a  movement  of  the  par- 
ticles took  place,  and  the  oarbonates  of 
lime  and  magnesia  separated  from  the 
iDore  impure  and  mixed  matter  forming  the  still  unconsolidated  parts 
of  the  stratum.  Crystallization,  beginning  at  the  centre,  must  have 
gone  on  forming  concentric  coats  around  the  ori^al  nucleus  without 
blerfering  with  the  laminated  structure  of  the  rock. 

Wban  the  particles  of  rocks  have  been  thus  re-arranged  by  chemi- 
cal forces,  it  is  sometimes  difficult  or  impossible  to  ascertain  whether 
ttrtain  lines  of  division  are  doe  to  original  deposition  or  to  the  sub- 
■eqaent  aggr^ation  of  similar  particles.  Thus  suppose  three  strata 
of  grit^  A,  B,  C|  are  charged  nnequally 
.  with  calcareous  matter,  and  that  B  is  the 
]Xy|JiJI|  (  most  calcareous.  If  consolidation  takes 
'  I '  "ill[  place  in  B,  the  concretionary  action  may 
spread  upwards  into  a  part  of  A,  where 
the  carbonate  of  lime  is  more  abundant  than  in  the  rest;  so  that  a 
lUBs,  d,  e,  f,  forming  a  porbon  of  the  superior  stratum,  becomes 
united  with  B  into  one  solid  mass  of  sttme.  The  original  line  of 
division  d,  »,  being  thus  ^aced,  the  line  d,  f,  would  generally  be 
considered  as  the  surface  of  the  bed  B,  though  not  strictly  a  true 
[4ane  of  strMificatioD. 

I^ttnrt  and  heat. — When  sand  and  mnd  sink  to  the  bottom  of  a 
deep  sea,  the  particles  are  not  pressed  down  by  the  enormous  weight 
of  the  incumbent  ocean ;  for  the  water,  which  becomes  mingled  with 
the  nnd  and  mud,  resists  pressure  with  a  force  equal  to  that  of  the 
colmnn  of  fluid  abore.    The  same  luqtpens  in  regard  to  organic  re- 
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mains  whicli  ftre  filled  with  water  nnder  grett  preasnre  aa  thej  sink, 
otherwise  they  would  be  immedi&telj  crushed  to  pieces  and  flattened. 
NevertheleBS,  if  the  materials  of  a  stratum  remain  in  a  jieldiag  state, 
and  do  not  set  or  solidify,  thej  will  be  gradually'  sqaeeied  down  by 
the  weight  of  other  materials  successirelj  heaped  upon  them,  just  as 
soft  clay  or  loose  sand  on  which  a  bouse  is  built  maj  give  way.  By 
such  downward  pressure  particles  of  clay,  sand,  and  marl,  may  be- 
come packed  into  a  smaller  space,  and  be  made  to  cohere  together 
permanently. 

Analogous  effects  of  condensation  may  arise  when  the  solid  parts 
of  the  earUi's  cnist  are  forced  in  varioas  directions  by  those  me- 
cbanical  moTements  afterwards  to  be  described,  by  which  strata  have 
been  bent,  broken,  and  raised  above  the  level  of  the  sea.  Rocks  of 
more  yielding  materials  must  often  have  been  forced  agianst  others 
previously  consolidated,  and,  thus  compressed,  may  have  acquired  a 
new  structure.  A  recent  discovery  may  help  us  to  «<Hnprehend  how 
fine  sediment  derived  from  the  detritus  of  rocks  may  be  solidified  by 
mere  pressure.  The  graphite  or  "  black  lead  "  of  coaunerce  having 
become  rery  scarce,  Mr.  Brockedon  contrived  a  method  by  which  the 
dust  of  the  purer  portions  of  the  mineral  found  in  Borrowdale  might 
be  recomposed  into  a  mass  as  dense  and  compact  as  native  graphite. 
The  powder  of  gn^hite  is  first  caref^llly  prepared  and  freed  from  air, 
and  placed  under  a  powerful  press  on  a  streug  steel  die,  with  air-tight 
fittings.  It  is  then  struck  several  blows,  each  of  a  power  of  1000 
tons;  after  which  operation  the  powder  is  so  perfeelJy  solidified  that 
it  can  be  cut  for  pencils,  and  exhibits  when  broken  the  same  texture 
as  native  graphite. 

But  the  action  of  heat  at  various  depths  in  the  earth  is  probably 
the  most  powerful  of  all  causes  in  hardening  sedimentary  strata.  To 
this  subject  I  shall  refer  again  when  treating  of  the  metamorphic 
rocks,  and  of  the  slaty  and  jointed  structure. 

MineraHaation  of  organic  remains.  —  The  changes  which  fossil 
wganic  bodies  have  nndn^ne  since  they  were  first  imbedded  in 
Tocks,  throw  much  light  on  the  consolidation  cf  strata.  Fossil  shells 
in  some  modem  deposits  haive  been  scarcely  altered  in  the  course  of 
centuries,  having  simply  lost  a  part  of  their  animal  matter.  But  in 
other  caaes  the  shell  has  disappeared,  -and  left  an  impression  only  of 
its  exterior,  or -a  cast  of  its  interior  form,  or  thirdly,  a  cast  of  the 
shell  itself,  the  original  matter  of  which  has  been  removo3.  These 
difierent  forms  of  fossilization  may-easily  be  undemtood  if  we  examine 
the  mud  recently  thrown  oat  from  a  pond  or  canal  in  which  there  w 
shells.  If  the  mud  be  «r^llaceons,  it  acquires  consistency  on  drying, 
and  on  breaking  open  a  portion  of  it  we  find  that  each  shell  has  left 
impressions  of  its  external  form.  If  we  then  remove  the  shell  itself, 
we  find  within  a  solid  nucleus  of  clay,  having  the  form  of  the  interior 
of  the  sheU.  This  form  is  often  very  difierent  from  that  of  the  ontcr 
shell.  Thus  a  cast  such  as  a,  fig.  58.,  commonly  called  a  fossil  screw, 
would  never  be  snspeeted  1^  an  inexperienced  conchologist  to  be 
the  internal  shape  of  the  fossil  anivalve,  A,  fig.  BH.     Not  should  we 
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hairo  imagined  «t  first  sigbt  that  the  ahell  a  and  the  oast  b,  fig.  £9^ 
wen  diferent  parta  of  the  same  fbaaU.    The  reader  will  observe,  in 


the  laet^nantioDod  figure  (b,  fig.  £9.),  that  an  empty  apace  shaded 
iMrk,  -which  the  tbell  itidf  once  occupied,  now  intervenes  between 
the  envelc^ng  atone  and  the  cast  of  the  smooth  interior  of  the  whorb. 
In  aoch  cases  the  ahell  has  been  dissolved  and  the  component  par- 
tidea  removed  hj  water  percolating  the  rock.  If  the  nucleus  were 
takm  ont,  a  hollow  monld  wonld  remain,  on  which  tiie  external  form 
of  the  abell  with  its  tubercles  and  stris^  as  seen  in  a,  fig.  59.,  would 
be  seen  embossed.  Kow  if  the  space  alluded  to  between  the  nucleus 
and  the  impression,  instead  of  being  left  empty,  has  been  filled  np 
with  caleareons  spar,  flint,  pjrites,  or  other  mineral,  we  then  obtain 
fron  the  moold  an  exact  cast  both  of  the  external  and  internal  form 
of  tbe  original  dielL  In  this  manner  ailicified  casta  of  ahella  have 
been  formed ;  and  if  tbe  mad  or  aand  of  the  nncleus  happen  to  be 
incoherent,  or  aolnble  in  add,  we  can  then  procure  in  fliat  an  empty 
ihell,  which  in  ahape  is  the  exact  counterpart  of  the  originaL  This 
cast  may  be  compared  to  a  bronse  atatue,  repreeenting  merely  the 
saperfieial  form,  and  not  the  internal  organization;  bnt  there  is 
another  description  of  petrifaction  by  no  means  ancommon,  and  of  a 
mnch  mora  wonderfol  kind,  which  may  be  compared  to  certain  ana* 
tnaieal  models  in  wax,  whera  not  only  the  outward  forms  and  fea- 
tnee,  bat  the  nerree,  biood-vessels,  and  other  internal  organs  u«  also 
drawn.  Tlina  we  find  corals,  originally  calcareous,  in  which  not  only 
tbe  general  shape,  bnt  also  the  minute  and  complicated  internal  or- 
ganiaUioD  are  retained  in  flint. 

Sndi  a  process  of  petrifaction  is  still  more  remarkably  exhibited 
n  fiMoil  wood,  in  which  we  oiten  perceive  not  only  the  rings  of 
aimnal  growth,  bat  all  the  minute  vessels  and  medullary  rays.  Many 
of  tba  minute  eells  and  fibres  of  plants,  and  even  those  spiral  vessels 
wUcfa  in  the  living  vegetable  can  only  be  discovered  by  the  mi- 
cfMcepe,  are  preserved.  Among  many  instances,  I  may  mention  a 
IbsaQ  tree,  72  feet  in  length,  found  at  Oosforth  near  Newcastle,  in 
wndatone  strata  aeaociated  with  coal.  By  catting  a  transverse  slice 
■o  tUn  ■■  to  transmit  light,  and  magnifying  it  about  flity-five  timeif 
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tbe  texture  leen  in  fig.  60.  is  exhibited.  A  textnre  equally  minate 
and  complicated  has  been  obBerred  in  the  wood 
of  large  trunks  of  fossil  trees  found  in  the 
Craigleith  quarry  near  Exlinburgh,  where  the 
stone  was  not  in  the  slightest  degree  siliceous, 
but  consisted  chiefly  of  carbonale  of  lime,  with 
oxide  of  iron,  alumina,  and  carbon.  The  pa- 
rallel rows  of  Teasels  here  seen  are  the  rings 
_.  of  annual  growth,  but  in  one  part  they  are  im- 

unu,  mitniSFd.  (With™.)    perfectly  preserved,  the  wood  tutving  probsblj 
decayed  before  the  mineralizing  matter  had 
penetrated  to  that  portion  of  the  tree. 

In  attempting  to  explain  the  process  of  petrifaction  in  such  cases, 
we  may  first  assume  that  strata  are  rery  generally  permeated  by 
wat«r  charged  with  minute  portions  of  calcareous,  siticeous,  and  other 
earths  in  solution.  In  what  manner  they  become  so  impregnated 
will  be  afterwards  considered.  If  an  organic  substance  is  exposed 
in  the  open  air  to  the  action  of  the  sun  and  rain,  it  will  in  time 
putrefy,  or  he  dissolved  into  its  component  elements,  consisting  usually 
of  oxygen,  hydrogen,  nitrogen,  and  carbon.  These  will  readily  be 
absorbed  hy  the  atmosphere  or  be  washed  swaj  by  rain,  ao  that  all 
vestiges  of  the  dead  animal  or  plant  disappear.  But  if  the  same 
substances  be  submerged  in  water,  they  decompose  more  gradually ; 
and  if  buried  in  earth,  still  more  slowly,  aa  in  the  familiar  example 
of  wooden  piles  or  other  buried  timber.  Now,  if  as  fast  as  each 
particle  is  set  free  by  patrefaction  in  a  fluid  or  gaseous  state,  » 
particle  equally  minute  of  carbonate  of  lime,  flint,  or  other  mineral, 
is  at  hand  and  ready  to  be  precipitated,  we  may  imagine  this  ia- 
<n^anic  matter  to  take  the  place  just  before  left  unoccupied  by  the 
organic  molecule.  In  this  manner  a  cast  of  the  interior  of  certain 
vessels  mayfirst  be  taken,  and  afterwards  the  more  solid  walls  of  the 
same  nay  decay  and  suffer  a  like  transmutation.  Yet  when  the 
whole  is  lapidified,  it  may  not  form  one  homogeneous  mass  of  stone 
or  metal.  Some  of  the  original  ligneous,  osseous,  or  other  organic 
elements  may  remain  mingled  in  certain  parts,  or  the  lapidifying 
substance  itself  may  be  differently  coloured  at  different  times,  or  so 
crystalliied  as  to  reflect  light  differently,  and  thus  the  texture  of  the 
original  body  may  be  faithfully  exhibited. 

The  student  may  perhaps  ask  whether,  on  chemical  principles,  we 
have  any  ground  to  expect  that  mineral  matter  will  be  thrown  down 
precisely  in  those  spots  where  organic  decomposition  is  in  progreu  ? 
The  following  curious  experiments  may  serve  to  illustrate  this  point. 
Professor  Goppert  of  BresUu  attempted  recently  to  imitate  the  na- 
tural process  of  petrifaction.  For  this  purpose  he  steeped  a  variety 
of  animal  and  vegetable  substances  in  waters,  some  holding  siliceous, 
others  calcareous,  others  metallic  matter  in  solution.  He  found  that 
in  the  period  of  a  few  weeks,  or  even  days,  the  organic  bodies  thus 
immersed  were  mineralized  to  a  certain  extent  Thus,  for  example^ 
thin  Tertical  slices  of  deal,  taken  Irom  the  Scotch  £r  {Piiuu  igl- 
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Ttttrit),  were  immersed  is  a  moderately  atrong  solution  of  sulphate 
<»  iron.  Wfaea  they  had  been  thoroughly  soaked  in  the  liquid  for 
several  da3rs  they  were  dried  and  exposed  to  a  red-heat  until  the 
vegetable  matter  was  burnt  ap  and  nothing  remained  but  an  oxide  of 
iroo,  which  was  found  to  have  taken  the  form  of  the  deal  so  exactly 
that  cmats  even  of  the  dotted  veasela  peculiar  to  Xhis  family  of  plants 
were  distinctly  viaible  under  the  microscope. 

Another  accidental  experiment  has  been  recorded  by  Mr.  Fepys  in 
the  Geolt^cal  Transactions.  *  An  earthen  pitcher  containing  several 
quarts  of  snlphate  of  iron  had  remained  undisturbed  and  unnoticed 
for  about  a  twelrflmontb  in  the  laboratory.  At  the  end  of  this  tima 
when  the  liquor  was  examined  an  oily  appearance  was  observed  on 
the  sorface,  and  a  yellowish  powder,  which  proved  to  be  sulphur, 
together  with  a  quantity  of  small  hairs.  At  the  bottom  were  dis- 
covered the  bones  of  several  mice  in  a  sediment  consisting  of  small 
grains  of  pyrites,  others  of  sulphur,  others  of  crystallized  green  sul- 
phate of  iron,  and  a  black  muddy  oxide  of  iron.  It  was  evident  that 
some  mice  had  accidentally  been  drowned  in  the  fluid,  and  by  the 
mutual  action  of  the  animal  matter  and  the  sulphate  of  iron  on  each 
other,  the  metallic  sulphate  had  been  deprived  of  its  oxygen;  hence 
tha  pyrites  and  the  other  compounds  were  thrown  down.  Although 
the  mice  were  not  mineralized,  or  turned  into  pyrites,  the  pheno> 
nenaa  shows  how  mineral  waters,  charged  with  sulphate  of  iron, 
may  be  deozydated  on  coming  in  contact  with  animal  matter  under- 
going putrefaction,  so  that  atom  after  atom  of  pyrites  may  be  pre- 
apitated,  mod  ready,  under  favourable  circumstances,  to  replace  the 
oxygen,  hydrogen,  and  carbon  into  which  the  original  body  would  \t» 
resolved. 

The  late  Dr.  Turner  observes,  that  when  mineral  matter  is  in  a 
"  Boscent  stale,"  that  is  to  say,  just  liberated  from  a  previous  state  of 
chemical  combination,  it  is  most  ready  to  unite  with  other  matter, 
and  form  a  new  chemical  compound.  Probably  the  particles  or  atoms 
jost  aet  free  are  of  extreme  minuteness,  and  therefore  move  more 
freely,  and  are  more  ready  to  obey  any  impulse  of  chemical  affinity. 
Whatever  be  the  causey  it  clearly  follows,  as  before  staled,  that  where 
organic  matter  newly  imbedded  in  sediment  is  decomposing,  there 
win  chemical  changes  take  place  most  actively. 

An  analysis  was  lately  made  of  the  water  which  was  flowing  off 
frnn  the  rich  mud  deposited  by  the  Hooghly  river  in  the  Delta  of 
the  Ghuiges  after  the  annual  inundation.  This  water  was  found  to 
be  highly  charged  with  carbonic  acid  gas  holding  lime  in  solution.f 
Sow  if  aewly-depositod  mud  is  thus  proved  to  be  permeated  by 
mineral  matter  in  a  state  of  solution,  it  is  not  difficult  to  perceive 
that  decomposing  organic  bodies,  naturally  imbedded  in  sediment, 
nay  as  readily  become  petrified  as  the  substances  artificially  im- 
mened  1^  Professor  Goppert  in  various  fluid  mixtures. 
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It  is  well  known  that  the  water  of  springB,  or  that  which  is  con- 
tinuELlly  percolating  tbe  earth's  crusty  is  rarely  free  from  a  slight 
admixture  either  of  iron,  carbooate  oF  lime,  sulphur,  silica,  potash,  or 
some  other  earthy,  alkaline,  or  metallic  ingredient.  Hot  springB  in 
particular  are  copiously  charged  with  one  or  more  of  these  substances; 
and  it  is  only  in  their  waters  that  silex  is  found  in  abnndaneeb  Jn 
certain  caeeB,  therefore,  especially  in  volcanicregions,  we  may  imagine 
the  flint  of  silicifled  wood  and  corals  to  have  been  supplied  by  the 
waters  of  thermal  springs.  In  other  instances,  aa  in  tripoli,  it  may 
have  been  derived  in  great  part,  if  not  wholly,  from  tbe  decomposi- 
tion of  diatomacesB,  sponges,  and  other  bodies.  But  even  if  this  be 
granted,  we  have  still  to  inquire  whence  a  lake  or  the  ocean  can  be 
constantly  replenished  with  the  calcareous  and  siliceous  matter  so 
abundantly  withdrawn  from  it  by  the  secretions  of  living  beings. 

In  regard  to  carbonate  of  lime  there  is  no  difficulty,  because 
not  only  are  calcareous  springs  very  numerous,  but  even  rain- 
water, when  it  falls  on  ground  where  vegetable  matter  is  decom- 
posing, may  become  so  charged  with  carbonic  acid  as  to  acquire  m 
power  of  dissolving  a  minute  portion  of  the  calcareous  rocks  over 
which  it  flows.  Hence  marine  corals  and  mollusca  may  be  provided 
by  rivers  with  the  materiab  of  their  shells  and  solid  supports.  But 
pure  silex,  even  when  reduced  to  the  finest  powder  and  boiled,  is 
insoluble  in  water,  except  at  very  high  temperatures.  Nevertheless, 
Dr.  Turner  hsa  well  ezpltuned,  in  an  essay  on  the  chemistry  of 
ge<d<^y*,  how  the  decomposition  of  felspar  may  be  a  source  of  silex 
in  solution.  He  has  remarked  that  the  siliceous  earth,  which  con- 
stitutes more  than  half  the  bulk  of  felspar,  is  intimately  combined 
with  alumine,  potash,  and  some  other  elements.  The  alkaline  matter 
of  the  felspar  has  a  chemical  affinity  for  water,  as  also  for  the  car- 
bonic acid  which  is  more  or  less  contained  in  the  waters  of  most 
springs.  The  water  therefore  carries  away  alkaline  matter,  and 
leaves  behind  a  clay  consisting  of  alumine  and  silica.  But  this  re- 
sidue of  the  decomposed  mineral,  which  in  its  purest  state  is  called 
porcelain  clay,  is  found  to  contain  a  part  only  of  the  silica  which 
existed  in  the  original  felspar.  The  other  part,  thereibre,  most  h&ve 
been  dissolved  and  removed ;  and  this  can  be  accounted  for  in  two 
ways  ;  first,  because  silica  when  combined  with  an  alkali  is  soluble 
in  water ;  secondly,  because  silica,  in  what  is  technically  called  its 
nascent  state,  is  also  soluble  in  water.  Hence  an  endless  supply  of 
silica  is  afibrded  to  rivers  and  the  waters  of  the  sea.  For  the  fel- 
spathic  rocks  are  universally  distributed,  constituting,  as  they  do^ 
BO  large  a  proportion  of  the  volcanic,  plutonic,  and  metamorphic  for- 
mations. Even  where  they  chance  to  be  absent  in  mass,  they  rarely 
fail  to  occur  in  the  superfidal  gravel  or  alluvial  depoBits  of  the  baais 
of  every  large  river. 

The  disintegration  of  mica  also,  another  mineral  which  enters 
largely  into  the  composition  of  granite  and  various  sandstones,  may 
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jMd  silics  which  nifty  be  dissolved  in  water,  for  Dearlf  half  of  this 
mioerml  consists  of  silicft,  combined  with  alumine,  potash,  and  about 
a  tenth  part  of  iron.  The  oxidation  of  this  iron  in  the  air  is  the 
prineipAl  caose  of  the  waste  of  micb 

We  hare  still,  however,  mnch  to  learn  before  the  conversion  of 
fowil  bodies  into  stoae  is  fully  understood.  Some  phenomena  eeem 
to  imply  that  the  mineralication  must  proceed  with  considerable 
rapidly,  for  stems  of  a  soft  and  flnccHlent  character,  and  of  a  most 
perishable  natare,  an  preserved  in  flint ;  and  there  are  instances  of  the 
ccmplete  silicification  of  the  young  leaves  of  a  palm-tree  when  jost 
about  to  shoot  forth,  and  in  that  state  which  in  the  West  Indies  is 
called  the  cabbage  of  the  palm.*  It  may,  however,  be  questioned 
whether  in  such  cases  there  m&j  not  have  been  some  antiseptic  quality 
in  the  water  which  rotorded  putrefaction,  so  that  the  soft  parts  of  the 
buried  snbstanoe  may  have  remained  for  a  long  dme  without  disin- 
tegration, like  the  flesh  of  bodies  imbedded  in  peaL 

Ur.  Stokes  has  pointed  out  examples  of  petrifactions  in  which  the 
more  perishable  and  others  where  the  more  durable,  portions  of  wood 
>m  yivserved.  These  variations,  he  suggests,  must  doubtless  hxn 
depended  on  the  time  when  the  lapidifying  mineral  was  introduced, 
lliua,  in  certain  silicified  stems  of  pidm-trees,  the  cellular  tissue,  that 
most  destructible  part,  is  in  good  condition,  while  all  signs  of  &e 
bard  woody  fibre  have  disappeared,  the  spaces  once  occupied  by  it 
being  hollow  or  filled  with  agate.  Here,  petrifaction  must  have  com- 
nenoed  soon  after  the  wood  was  exposed  to  the  action  of  moisture, 
and  the  supply  of  mineral  matter  nust  then  have  failed,  or  the  water 
■nust  have  become  too  much  dilnted  before  the  woody  fibre  decayed. 
But  when  this  fibre  is  alone  discoverable,  we  must  suppose  that  an 
intemJ  of  time  elapsed  before  the  commencement  of  lapidification, 
during  which  tfce  cellular  tissue  was  obliterated.  When  both  struc- 
tures,  namely,  the  cellular  and  the  woody  fibre,  are  preserved,  the 
[ffocese  must  hare  commenced  at  an  early  period,  and  continued 
without  interruiMitni  till  it  was  completed  throughontf 
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Wh;  the  poeitian  of  marine  itratB.  above  the  level  of  tbe  Me,  ihoold  b«  refemd  to 
the  riajng  up  or  the  land,  not  to  the  goinf  downof  the  tet — UpbekTil  of  exten- 
eiTenuuBes  of  horiioDtsl  strata — Inclined  end  Tenieal  itncification — Anticlinal 
and  ijDcliiial  lines — Bent  strata  in  east  of  Scotland — Tbeorj  of  folding  b; 
lateral  moTement — Creeps — Dip  and  strike — Stractura  of  the  Jura — Varions 
fbnns  of  oatcrop — Bocks  broken  bj  Sexura — Inreited  poaitioa  of  disturbed 
■trata — Unconformable  sDatiflcation — Hntlon  and  Flsjbir  on  the  same — 
Fiactore*  of  Krata — Polished  lor&ce* — Fuks — Appearaoee  of  npsoted  alter- 
nationi  prodnced  bf  them — Origin  of  great  &nll& 

Laud  hat  been  raued,  not  the  tea  loioered. — It  bu  been  already 
stated  tliat  the  aqueona  rocks  contuning  mftrine  foasila  extend  over 
wide  continental  tracts,  and  are  seen  in  mountain  chains  rising  to 
great  heights  abore  the  level  of  the  sea  (p.  4.).  Hence  it  follows,  that 
what  is  now  diy  land  was  once  under  water.  But  if  we  admit  this 
conclusion,  we  must  imagine,  either  that  there  has  been  a  general 
lowering  of  the  waters  of  the  ocean,  or  that  the  solid  rocks,  once  covered 
hj  water,  have  been  rused  up  bodilj  out  of  the  sea,  and  have  thus 
became  dry  land.  The  earlier  geologists,  finding  themselves  reduced 
to  this  alternative,  embraced  the  former  opinion,  assuming  that  the 
ocean  was  originally  universal,  and  had  gradually  sunk  down  to  its 
actual  level,  so  that  the  present  islands  and  continents  were  left  dry. 
It  seemed  to  them  far  easier  to  conceive  that  the  water  had  gone 
down,  than  that  solid  land  had  risen  upwards  into  its  present  position. 
It  was,  however,  impossible  to  invent  any  satisfactory  hypothesis  to 
explain  tbe  disappearance  of  so  enormous  a  body  of  water  throughout 
tlie  globe,  it  being  necessary  to  infer  that  the  ocean  bad  once  stood 
at  whatever  height  marine  shells  might  be  detected.  It  moreover 
appeared  clear,  as  the  science  of  Geology  advanced,  that  certain  spaces 
(m  tbe  globe  had  been  alternately  sea,  then  land,  then  estuary,  then 
sea  again,  and,  lastly,  once  more  habitable  land,  having  remained  in 
each  of  these  states  for  considerable  periods.  In  order  to  account  for 
such  phenomena,  without  admitting  any  movement  of  the  land  itself 
we  are  required  to  imagine  several  retreats  and  returns  of  the  ocean ; 
and  even  then  our  theory  applies  merely  to  cases  where  the  marine 
strata  composing  the  dry  land  are  horizontal,  leaving  unexplained 
those  more  common  instances  where  strata  are  inclined,  curved,  or 
placed  on  their  edges,  and  evidently  net  in  the  positioo  ia  which  they 
were  first  deposited. 

Geologists,  therefore,  were  at  last  compelled  to  have  recourse  to 
the  other  alternative,  namely,  tbe  doctrine  that  the  solid  land  hu 
been  repeatedly  moved  upwards  or  downwards,  so  as  permanently  to 
change  its  position  relatively  to  the  sea.     There  are  several  distinct 
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groimdB  for  preferriog  this  coDcIasion.  First,  it  will  ftccoont  equally 
for  the  portion  of  those  elevated  masses  of  mariDe  origin  in  which 
the  atratificatioQ  remains  horizontal,  and  for  those  in  which  the  strata 
are  disturbed,  broken,  inclined,  or  vertical.  Secondly,  it  is  consistent 
with  hnman  experience  that  land  should  rise  gradually  in  some  places 
and  be  depressed  in  others.  Such  changes  have  actually  occurred  in 
oar  own  days,  and  are  now  in  progress,  having  been  accompanied  in 
aome  cases  by  violent  convulsions,  while  in  others  they  have  pro- 
ceeded so  inseasibly,  as  to  have  been  ascertainable  only  by  the  most 
carerul  scientific  ofaserratioiis,  made  at  considerable  inturvals  of  time. 
On  the  other  hand,  there  is  no  evidence  from  human  experience  of 
ft  lowering  of  the  sea's  level  in  any  region,  and  the  ocean  cannot  sink 
in  one  place  without  its  level  being  depressed  all  over  the  globe. 

These  preliminary  remarks  will  prepare  the  reader  to  understand 
the  great  theoretical  interest  attached  to  all  facts  connected  with  the 
poailioD  of  strata,  whether  horizontal  or  inclined,  curved  or  verticaL 

Sow  the  first  and  most  simple  appearance  is  where  strata  of 
marine  origin  occur  above  the  level  of  die  sea  in  horizontal  position. 
Socb  are  Uie  strata  which  we  meet  with  in  the  south  of  Sicily,  filled 
with  shells  for  the  most  part  of  the  same  species  as  those  now  living 
m  the  Mediterranean.  Some  of  these  rocks  rise  to  the  height  of 
more  than  2000  feet  above  the  sea.  Other  mountain  masses  might 
he  mentioned,  composed  of  horizontal  strata  of  high  antiqui^,  which 
contain  fossil  remains  of  animals  wholly  diasirailar  from  any  now 
koown  to  exist.  In  the  south  of  Sweden,  for  example^  near  Lake 
Wener,  the  beds  of  one  of  the  oldest  of  the  fossiliferoua  deposits, 
namely  that  formerly  called  Transition,  and  now  Silurian,  by  geo- 
logists, occur  in  as  level  a  position  as  if  tbey  had  recently  formed 
part  of  the  delta  of  a  great  river,  and  been  left  dry  on  the  retiring  of 
the  annnal  floods.  Aqueous  rocks  of  about  the  same  age  extend  for 
hundreds  of  miles  over  the  lake-district  of  North  America,  and  exhibit 
in  like  manner  a  stratification  nearly  undisturbed.  The  Table  Uoan- 
lain  at  the  Cape  of  Good  Hope  is  another  example  of  highly  elevated 
jet  perfectly  horizontal  strata,  no  less  than  3500  feet  in  thickness, 
and  consisting  of  auidstone  of  very  ancient  date. 

Instead  of  imagining  that  such  fossiliferoas  rocks  were  always  at 
tbeir  present  level,  and  that  the  sea  was  once  high  enough  to  cover 
tbem,  we  suppose  them  to  have  constituted  the  ancient  bed  of  the 
ocean,  and  ttiat  they  were  gradually  uplifted  to  their  present  height. 
This  idea,  however  startling  it  may  at  first  appear,  is  quite  in 
accordance,  as  before  stated,  with  the  analogy  of  changes  now  going 
oo  in  certun  regions  of  the  globe.  Thus,  in  parts  of  Sweden,  and 
tlte  shores  and  islands  of  the  Gulf  of  Bothnia,  proofs  have  been 
obtained  that  the  land  is  experiencing,  and  has  experienced  for 
ceotnries,  a  slow  upheaving  movement.  Flayfair  argued  in  favour 
of  thia  opinion  in  1802 ;  and  in  1807,  Von  Buch,  after  his  travels  in 
Scandinavia  announced  his  conviction  that  a  rising  of  the  land  was 
in  progress.  Celsius  and  other  Swedish  writers  had,  a  century 
before  declared  their  belief  that  a  gradual  change  had,  for  ages, 
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been  taking  place  in  the  rektire  level  of  land  and  eea.  Thej  attri- 
buted the  change  to  a  fall  of  the  waters  both  of  the  ocean  and  the 
Baltic  This  theory,  however,  has  now  been  refuted  bj  abondaot 
evidence ;  for  the  alteration  of  relative  level  has  neither  been 
nniversal  nor  everywhere  uniform  in  quantity,  but  has  amoamted, 
in  some  regions,  to  several  feet  in  a  ceatury,  in  others  to  a  few 
inches ;  while  in  the  Bouthernmoat  part  of  Sweden,  or  the  province 
of  Scania,  there  has  been  actually  a  loss  instead  of  a  gain  of  lajid, 
buildings  having  gradually  stmk  below  the  level  of  the  sea." 

It  appears,  from  the  observations  of  Mr.  Darwin  and  others,  that 
very  extensive  regions  of  the  continent  of  South  America  have  been 
undergoing  slow  and  gradual  upheaval,  by  which  the  level  plains  of 
Patagonia,  covered  with  recent  marine  shells,  and  the  Pampas  of 
Buenos  Ayres,  have  been  raised  above  the  level  of  the  sea.f  On  the 
other  hand,  the  gradual  sinking  of  the  west  coast  of  Greenland,  f<ff 
the  space  of  more  than  600  miles  from  north  to  south,  during  the 
last  four  centuries,  has  been  established  by  the  observations  of  a 
Danish  naturalist.  Dr.  Pingel.  And  while  these  proofs  of  continental 
elevation  and  subsidence,  by  slow  and  insensible  movements,  have 
been  recently  brought  to  light,  the  evidence  has  been  duly  strength- 
ened of  continued  changes  of  level  effected  by  violent  convulsions 
in  countries  where  earthquakes  are  frequent.  There  the  rocks  are 
rent  from  time  to  time,  and  heaved  up  or  thrown  down  several  feet 
at  once,  and  disturbed  in  sucb  a  manner,  that  the  original  position  of 
strata  may,  in  the  course  of  centuries,  be  modified  to  any  amount. 

It  has  also  been  shown  by  Mr.  Darwin,  that^  in  those  seas  where 
circular  coral  islands  and  barrier  reefs  abound,  there  is  a  slow  and 
continued  sinking  of  the  submarine  mounttune  on  which  the  masses 
of  coral  ore  based ;  while  there  are  other  areas  of  the  Soath  Sea* 
where  the  land  is  on  the  rise,  and  where  coral  has  been  npheaved  far 
above  the  sea-lev  eh 

It  would  require  a  volume  to  explain  to  the  reader  the  various 
facts  which  establish  the  reality  of  these  movements  of  land,  whetlier 
of  elevation  or  depression,  whether  accompanied  by  earthquakes  or 
accomplished  slowly  and  without  local  disturbance.  Having  treated 
fully  of  these  subjects  in  the  Principles  of  GeologyJ,  I  shall  assnm^ 
in  the  present  woric,  that  such  changes  ore  part  of  the  actual  course 
of  nature ;  and  when  admitted,  they  will  be  found  to  aSbrd  a  key  to 
the  interpretation  of  a  variety  of  geological  appearances,  such  as  the 
elevation  of  horizontal,  inclined,  or  disturbed  marine  strata,  and  the 
superposition  of  freshwater,  to  marine  deposits,  afterwards  to  be 
described.     It  wUl  also  appear,  in  the  sequel,  how  muoh  light  the 

*  Id  the  first  thrae  tditiODa  of  1117  DfMoa  in  the  nSL  Tmu.  IftlO,  fan  L 

Principica  of  Geology,  I  eipnned  many  Scs  alio  ihe  Prindple*,  4lh  snd  sabss- 

doabti  u  to  the  Tslidity  of  tbe  Blleged  qnent  editknu. 

prooft  of   a  gradiul  rise  of   land   in  f  See  hit  Joonial  of  a  Natnralkt  In 

Sweden  1  bat  after  Tiaidag  that  ooimliy.  Voyage  of  the  Beagle,  sDd  hii  woik  on 

in  1834. 1  retrncted  these  objecCioni,  and  Coral  Raeli. 

published   •  detailed  Maiemeni  of  the  t  See  chaps,  xxrii.  to  xsxu.  iodndTC^ 

obiamlioiu  which  led  me  to  alter  my  and  chap.  L 
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doctrioe  of  a  coatinued  subsidence  of  laod  maj  throw  on  the  manner 
in  which  »  seriea  of  strata,  formed  is  eballow  water,  miij  have  accu- 
mnlBted  to  %  great  thickness.  The  ezcBTation  of  vaUeys  also,  and 
other  effects  of  denudation,  of  which  I  shall  presently  treat,  can  alona 
be  naderatood  when  we  dnlj  appreciate  the  proofs,  now  on  record, 
of  the  prolonged  rising  and  sinking  of  land,  throughout  wide  areas. 

To  ecmclude  this  subject,  I  may  remind  the  reader,  that  were  we 
to  embrace  the  doctrine  wluch  ascribes  the  elerated  position  of  msj^ne 
&nnations,  and  the  depression  of  certain  freshwater  strata,  to  oscil- 
lations  in  the  level  of  the  waters  instead  of  the  land,  we  should  be 
compelled  to  admit  that  the  ocean  has  been  sometimes  every  where 
much  shallower  than  at  present,  and  at  others  more  than  three  miles 
deeper. 

IncU»ed  ttratifieation.  —  The  most  unequivocal  evidence  of  a 
change  in  the  original  position  of  strata  is  ofibrded  by  their  standing 
np  perpendicularly  on  their  edges,  which  is  by  no  means  a  rare 
phenomenon,  especially  in  mountainous  countries.  Thus  we  find  in 
Scotland,  on  the  southern  skirts  of  the  Grampians,  beds  of  pudding- 
atone  alternating  with  thin  layers  of  fine  sand,  all  placed  vertically 
to  the  horizon.  When  Saussure  first  ob- 
aerred  certun  conglomerates  in  a  simi- 
lar position  in  the  Swiss  Alps,  he  re- 
mkrked  that  the  pebbles,  being  for  the 
Boet  part  of  on  oval  shape,  hod  their 
longer  axes  parallel  (o  Qm  planes  of 
aferatification  (see  fig.  61.).  From  this 
be  inferred,  that  such  strata  must,  at 
flm,  have  been  horizontal,  each  oval  Vatiui  «iwio«i«.  Bid  «iid««» 
pebble  having  originally  settled  at  the  bottom  of  the  water,  with  its 
flatter  side  parallel  to  the  horizon,  for  the  same  reason  that  an  egg 
will  not  stand  on  either  end  if  unsupported.  Some  few,  indeed,  of 
the  rounded  stones  in  a  conglomerate  occasionally  afibrd  an  exception 
to  the  above  rule,  for  the  same  reason  that  we  see  on  a  shingle  beach 
some  oval  or  flat-sided  pebbles  resting  on  their  ends  or  edges  ;  these 
Laving  beeo  forced  along  the  bottom  and  against  each  other  by  a 
wave  or  current  so  as  to  settle  in  this  position. 

Yertical  strata,  when  they  can  be  traced  coaliDUODSly  upwards  or 
downwards  for  some  depth,  are  almost  invariably  seen  to  be  parts  of 
great  cnrves,  which  may  have  a  diameter  of  a  Few  yards,  or  of  several 
miles.  I  shall  first  describe  two  curves  of  considerable  regularity, 
which  occur  in  Forfarshire,  extending  over  a  country  twenty  miles  in 
breadth,  tma  the  foot  of  the  Grampians  to  the  sea  near  Arbroath. 

The  mass  of  strata  here  shown  may  be  nearly  2O0O  feet  in  thick- 
nea^  consisting  of  red  and  white  sandstone,  and  various  coloured 
■hales,  the  beds  being  distinguishable  into  four  principal  groups, 
oaiaely.  No.  1.  red  marl  or  shale ;  No.  2.  red  sandstone,  used  for 
bnild^g;  No.  8.  conglomerate ;  and  No.  4.  grey  paving-stone,  and 
tile-stone,  with  green  and  reddish  shale,  contuning  peculiar  organic 
ranaina.    A  glance  at  the  section  wiU  show  that  each  of  the  forma- 
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tions  2,  3,  4,  M-e  repeated  thrioe  at  the 
surface,  twice  with  a  soutberlj,  and  onco 
with  B  northerly  iacUnation  or  i^p,  uid 
the  beds  in  No.  1.,  which  are  nearl}r 
horizontal,  are  still  bronght  ap  twice  bj 
a  slight  curvature  to  the  surface,  once 
on  each  side  of  A.  Beginning  at  the 
i  -l\^\\\ll        "      lor'h-west  extronjity,  the  tile-Btones  and 

s  ^  — r)       1         ^      conglomerates  No.  4.  and  No,  8.  are  ver- 

ticiJ,  and  tbey  generally  form  a  ridgo 
parallel  to  the  southern  skirts  of  the 
Grampians.  The  superior  strata  Nob.  2. 
and  I.  become  less  and  less  inclined  on 
descending  to  the  valley  of  Strathmor^ 

*  |-  where  the  strata,  having  a  concave 
""[  bend,  are  said  by  geologists  to  lie  in 
I  ?  a  "  trough  "  or  "  basin."  Through  tbe 
|.|   centre  of  this  valley  runs  an  imaginary 

ine   A,  caUed  technically  a  "synclinal 

•  1  line,"  where  the  beds,  which  are  tilted 
^  °  in  opposite  directions,  may  be  supposed 
|>  to  meet.  It  is  most  important  for  the 
|~i    observer  to  mark  such  lines,  for  he  will 

perceive  by  the  diagnun,  that  in  travel- 
ling from  the  north  to  the  centre  of  the 
basin,  he  is  always  paawng  from  older 
to  newer  beds ;  wbereas,  after  crossiiig 
the  line  A,  and  pursuing  his  course  ia 
the  same  southerly  direction,  he  is  ood- 
tinually  leaving  the  newer,  and  advanc- 
ing upon  older  strata.  All  the  depoaita 
which  he  had  before  examined  begin 
then  to  rocur  in  reversed  order,  until  he 
arrives  at  the  central  axis  of  the  Sidlaw 
hills,  where  the  strata  are  seen  to  form 
an  arch  or  taddU,  having  an  aniieUnat 
line  B,  in  the  centre.  On  passing  this 
Hne,  and  continning  towards  the  S.  E.,  the  formations  4,  3,  and  2,  are 
agun  repeated,  in  the  same  relative  order  of  superposition,  but  with 
a  southerly  dip.  At  Whiteness  (see  diagram)  it  will  be  seen  that  tbe 
inclined  strata  are  covered  by  a  newer  deposit,  a,  in  horisontal  beds. 
These  are  composed  of  red  conglomerate  and  sand,  and  are  newer 
than  any  of  the  groups,  1,  2,  3,  4,  before  described,  and  rest  uneon' 
fonaahlt/  upon  strata  of  the  sandstone  group,  No.  2. 

An  example  of  curved  strata,  in  which  the  bends  or  convolutions 
of  the  rock  are  sharper  and  far  more  numerous  within  an  equal  spac^ 
hu  been  well  described  by  Sir  James  HalL*    It  occurs  near  St. 

*  Edin.  Tnuu.  ToL  vii.  i^  & 


iM,Googlc 


Ch.  v.]  experiments  to  illustrate  curved  strata.  49 
Abb's  HeuJ,  OD  the  eut  coast  of  Scotland,  where  the  rocks  conaist 
principally  of  a  bluish  slate,  having  frequently  a  ripple-marked  sur- 
fiice.     The  nndulations  of  the  beds  reach  from  the  top  to  the  bottom 


of  cliffs  rrom  200  to  300  feet  in  height,  and  there  are  sixteen  distinct 
beodings  in  the  course  of  about  six  miles,  the  curvatures  being  alter- 
nately concave  and  convex  upwards. 

An  experiment  was  made  by  Sir  James  Hall,  with  a  view  of  illu5- 
trMiDg  the  manner  in  which  such  strata,  assuming  them  to  have  been 
originftlly  horizontal,  may  have  been  forced  into  their  present  position, 
A  set  of  layers  of  cUy  were  placed  under  a  weight,  and  their  oppo- 
site  ends  pressed  towards  each  other  with  such  force  as  to  cause  them 
to  approach  more  nearly  together.  On  the  removal  of  the  weight, 
the  layers  of  clay  were  found  to  be  curved  and  folded,  so  as  to  bear 
a  miniature  resemblance  to  the  strata  in  the  cliffs.  We  must,  how- 
ever, bear  in  mind,  that  in  the  natarol  section  or  sea-cliff  we  only 
see  the  foldings  imperfectly,  one  part  being  invisible  beneath  the 
H^  and  the  other,  or  upper  portion,  being  supposed  to  have  been 
carried  away  by  denudation,  or  that  action  of  water  which  will  bo 


eipluned  in  the  next  chapter.  The  dark  lines  in  the  accompany iiif; 
plan  (fig.  64.)  represent  what  is  actually  seen  of  the  strata  in  part  of 
the  line  of  cliff  alluded  to;  the  fainter  lines,  that  portion  which  is 
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concealed  beneath  the  sea  level,  as  also  that  which  is  supposed  to 
liave  once  existed  above  the  present  surface. 

We  may  still  more  easily  illustrate  the  effecta  which  a  lateral  thrust 
might  produce  on  flexible  strata,  by  placing  several  pieces  of  differ- 
ently coloured  cloths  upon  a  table,  and  when  they  are  spread  out  hori- 


zontally, cover  them  with  a  book.  Then  apply  other  books  to  each 
en<l,  and  force  ttiem  towards  each  other.  The  folding  of  the  cloths 
will  exactly  imitate  ihose  of  the  bent  strata.     (See  £g.  65.) 

Whether  the  analogous  flexures  in  stratified  rocks  have  really  been 
due  to  similar  sideway  movements  is  a  question  of  considerable  diffi- 
i^ulty.  It  will  appear  when  the  volcanic  and  granitic  rocks  are  de- 
scribed that  some  of  them  have,  when  melted,  been  injected  forcibly 
into  fissures,  while  others,  already  in  a  solid  state,  have  been  pro- 
iruded  upwards  thixiugh  the  incumbent  crust  of  the  earth,  by  which 
a  great  displacement  of  flexible  strata  must  have  been  caused. 

But  we  also  know  by  the  study  of  regions  liable  to  earthquakes, 
that  there  are  causes  at  work  in  the  interior  of  the  earth  capable  of 
producing  a  sinking  in  of  the  ground,  sometimes  very  local,  but  some- 
times extending  over  a  wide  area.  The  frequent  repetition,  or  con- 
tinuance throughout  long  periods,  of  such  downward  movements 
seems  to  imply  tliB  formation  and  renewal  of  cavities  at  a  certain 
depth  below  the  surface,  whether  by  the  removal  of  matter  by  vol- 
t'Jinos  and  hoi  springs,  or  by  the  contraolion  of  argillaceous  rocks  by 
heat  and  pressure,  or  any  other  combination  of  circumstances.  What- 
ever conjectures  wo  may  indulge  respecting  the  causes,  it  is  certain 
that  pliable  beds  may,  in  consequence  of  unequal  degrees  of  subsi- 
dence, become  folded  to  any  amount,  and  have  all  the  appearance  ot 
having  been  compressed  suddenly  by  a  lateral  thrust. 

The  "  Creeps,"  as  they  are  called  in  coal-mines,  afford  an  excellent 
illustration  of  this  fact — First,  it  may  be  stated  generally,  that  the 
excavation  of  coal  at  a  considerable  depth  causes  the  mass  of  over- 
lying strata  to  sink  down  bodily,  even  when  props  are  left  to  support 
the  roof  of  the  mine.  "In  Yorkshire,"  says  Mr.  Buddie,  "three  dis- 
tinct subsidences  were  perceptible  at  the  surface,  after  the  clearing 
out  of  three  seams  of  coal  below,  and  innumerable  vertical  crackj 
were  caused  in  the  incumbent  mass  of  sandstone  and  shale,  which 
thus  settled  down."*     The  exact  amount  of  depression  in  these  cases 

"  Proceedinga  of  GeoL  Sot  toL  iii  p.  U8. 
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cut  od\j  be  accurately  measured  where  water  accuroulateB  on  the 
gnrfue,  or  a  railway  traversea  a  coal-field. 

WheD  a  bed  of  coal  is  worked  out,  pillars  or  rectangular  masses 
ofcoal  are  lefl  at  intervals  as  props  to  support  the  roof,  and  protect 
the  colliers.      Thus  in  fig.  66.,  representing  a  section  at  Wallsend, 


ti 


3* 


Newcastle,  the  galleries  which  have  been  excavated  are  represented 
bj  the  white  spaces  a  b,  while  the  adjoining  dark  portions  are  parts 
of  the  original  coal-seam  left  as  props,  beds  of  sandy  clay  or  shale 
coonitntiiig  the  fioor  of  the  mine.      When  the  props  have  been  re- 
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dace<!  in  size,  ttiej  are  pressed  dovm  by  the  weight  of  overly iog  rocks 
(no  less  tlian  630  feet  ^ick)  u[>oa  the  shttle  below,  which  is  thereby 
squeezed  and  forced  up  into  the  open  spaces. 

Now  it  might  have  been  expected,  that  instead  of  the  floorriaiag 
up,  the  ceiling  would  sink  down,  and  this  effect,  called  a  "  Thrust," 
does,  in  fact,  take  place  where  the  pavement  is  more  solid  than  the 
roof.  But  it  usually  happens,  in  coal-mines,  that  the  roof  ia  com- 
posed of  bard  shale,  or  occasionally  of  sandstone,  more  unyielding 
than  the  foundation,  which  often  consists  of  clay.  Even  where  the 
argillaceous  substrata  are  hard  at  first,  they  soon  become  softened 
and  reduced  to  a  plastic  state  when  exposed  to  the  contact  of  Air  and 
water  in  the  floor  of  a  mine. 

The  first  symptom  of  a  "creep,"  says  Mr,  Buddie,  is  a  slight  cur- 
vature at  the  bottom  of  each  gallery,  aa  at  a,  fig.  66.:  then  the 
pavement  continuing  to  rise,  begins  to  open  with  a  longitudinal 
crack,  as  at  &.■  then  the  points  of  the  fractured  ridge  reach  the  roof, 
as  at  c  ;  and,  lastly,  the  upraised  beds  close  up  the  whole  gallery,  and 
the  broken  portions  of  tfie  ridge  are  re-united  and  flattened  at  the 
top,  exhibiting  the  flexure  seen  at  d.  Meanwhile  the  coal  in  the 
props  has  become  crushed  and  cracked  by  pressure.  It  is  also  found 
that  below  the  creeps  a,  b,  c,  d,  an  inferior  stratum,  called  the 
"  metal  coal,"  which  is  3  feet  thick,  has  been  fractured  at  the  points 
'>/)  ?)  A,  and  has  risen,  so  as  to  prove  that  the  upward  movement, 
caused  by  the  working  out  of  the  "  main  coal,"  has  been  propagated 
through  a  thickness  of  54  feet  of  argillaceous  beds,  which  intervene 
between  the  two  coal  seams.  This  same  displacement  has  also  been 
traced  downwards  more  than  IdO  feet  below  the  metal  coal,  but  it 
grows  continually  less  and  less  until  it  becomes  imperceptible. 

No  part  of  the  process  above  described  is  more  deserving  of  our 
notice  than  the.slowness  with  which  the  change  in  the  arrangement 
of  the  beds  is  brought  about.  Days,  months,  or  even  years,  will 
sometimes  elapse  between  the  first  bending  of  the  pavement  and  the 
time  of  its  reaching  the  roof.  Where  the  movement  has  been  most 
rapid,  the  curvature  of  the  beds  is  most  regular,  and  the  reunion  of 
the  fractured  ends  most  complete ;  whereas  the  signs  of  displacement 
or  violence  are  greatest  in  those  creeps  which  have  required  months 
or  years  for  their  entire  accompLshment.  Hence  we  may  conclude 
that  similar  changes  may  have  been  wrought  on  a  larger  scale  in  the 
earth's  crust  by  partial  and  gradual  subsidences,  especially  where 
the  ground  has  been  undermined  throughout  long  periods  of  time  t 
sad  we  must  be  on  our  guard  against  inferring  sudden  violence, 
simply  because  the  distortion  of  the  beds  is  excessive. 

Between  the  layers  of  shale,  accompanying  coa],  we  sometimes  sect 
the  leaves  of  fossil  ferns  spread  out  as  regularly  as  dried  plants 
between  sheets  of  paper  in  the  herbarium  of  a  botanist  These  fern- 
>eaves,  or  fronds,  must  have  rested  horizontally  on  soft  mud,  when 
first  deposited.  If,  therefore,  they  and  the  layers  of  shale  are  now- 
inclined,  or  standing  on  end,  it  is  obviously  tho  effect  of  subsequent 
derangement      The  proof  becomes,  if  possible,  still  more  striking 
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irheo  these  strata,  including  vegetable  remains,  are  curved  again  and 
again,  and  even  folded  into  the  form  of  the  letter  Z,  so  that  the  same 
rontinaous  layer  of  coal  is  cut  through  several  times  in  the  same 
perpendicular  shaft.     Thus,  in  the  coal-field  near  Mons,  in  Belgium, 


2[auclaiDn><if  coil  kitUdu. 

these  rigzag  bendings  are  repeated  four  or  five  times,  in 
represented  in  fig.  67.,  the  black  lines  representing  seams  of  eoal," 

Dip  and  Strike.  —  In  the  above  remarks,  several  technical  terms 
lave  been  used,  such  as  dip,  the  vncon/ormable  position  of  strata, 
ud  the  anticlinal  and  tynclirtal  lines,  which,  as  well  as  the  itrikt  of 
■he  beds,  I  shall  now  explain.  If  a  stratum  or  bed  of  rock,  instead 
of  being  quite  level,  be  inclined  to  one  side,  it  is  said  to  dip;  the 
point  of  the  compass  to  which  it  is  inclined  is  called  the  point  of  dip, 
»nd  the  degree  of  deviation  from  a  level  or  horizontal  line  is  called 
the  amount  of  dip,  or  the  angle 
of  dip.  Thus,  in  the  annexed 
dij^am  (fig.  68.),  a  series  of 
strata  are  inclined,  and  thej  dip 
to  the  north  at  an  angle  of  forty- 
five  degrees.  The  slrike,  or  line 
''J  litanag,  is  the  prolongation  or  extension  of  the  strata  in  a  directiou 
It  right  angles  to  the  dip ;  and  hence  it  is  sometimes  called  the  di- 
"ctioH  of  the  strata.  Thus,  in  the  above  instance  of  strata  dipping 
to  the  north,  their  strike  must  necessarilj  he  east  and  west.  We 
lisve  borrowed  the  word  from  the  German  geologists,  ttreicHen  sig- 
nifying to  extend,  to  have  a  certain  direction.  Dip  and  strike  may 
^  iptly  illustrated  by  a  row  of  houses  running  east  and  west,  the 
luig  ridge  of  the  roof  representing  the  strike  of  the  stratum  of  slates, 
vhich  dip  on  one  side  to  the  north,  and  on  the  other  to  the  south. 

A  stratum  which  is  horizontal,  or  quite  level  in  all  directions,  has 
wither  dip  nor  strike. 

It  is  always  important  for  the  geologist,  who  is  endeavouring  to 
HiiDprehend  the  structure  of  a  country,  to  learn  how  the  beds  dip  in 
tvCTj  part  of  the  district )  but  it  requii-es  some  practice  to  avoid 
^ing  occasionally  deceived,  both  as  to  the  point  of  dip  and  the 
•mount  of  it. 

"  See  plan  bj  M.  CTiByalier,  Burafs  D'Aubnissoo,  torn.  ii.  p.  334. 
X  3 
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If  the  upper  surface  of  a  hard  stony  stratum  be  uncovered,  whether 
artificially  in  a  quarry,  or  by  the  waves  at  the  foot  of  a  cliff,  it  is 
easy  to  determine  towards  what  point  of  the  compass  the  slope  is 
steepest,  or  in  what  direction  water  would  flow,  if  poured  upon  it- 
This  is  the  true  dip.  But  the  edges  of  highly  inclined  strata  may 
give  rise  to  perfectly  horizontal  lines  in  the  face  of  a  vertical  cliff,  if 
the  observer  see  the  strata  in  the  line  of  their  strike,  the  dip  being 
inwards  from  the  face  of  the  cliff.  If,  however,  we  come  to  a  break 
in  the  cliff,  which  exhibits  a  section  exactly  at  right  angles  to  the 
line  of  the  strike,  we  are  then  able  to  ascertain  the  true  dip.  In  the 
'  annexed  drawing  (fig.  69.),  we  may  suppose  a  headland,  one  aide  of 


which  faces  to  the  north,  where  the  beds  would  appear  perfectly 
horizontal  to  a  person  in  the  boat;  while  in  the  other  side  facing  the 
west,  the  true  dip  would  be  seen  by  the  person  on  shore  to  be  at  an 
angle  of  40°.  If,  therefore,  our  observations  are  confined  to  a  vertical 
precipice  facing  in  one  direction,  we  must  endeavour  to  iind  a  ledge 
or  portion  of  the  plane  of  one  of  the  beds  projecting  beyond  the 
otiiera,  in  order  to  ascertain  the  true  dip. 

If  not  provided  with  a  clinometer,  a  most  useful  instrument,  when 
it  Is  of  consequence  to  determine  with  precision  the  inclination  of  the 
struts,  the  observer  may  measure  the  angle  within  a  few  degrees  by 
f>t-'!i-  standing  esaclly  opposite  to  a  cliff  where 

the  true  dip  is  exhibited,  holding  tho 
hands  immediately  before  the  eyes,  and 
placing  the  fingers  of  one  in  a  perpen- 
dicular, and  of  the  other  in  a  horizontal 
position,  as  in  fig.  70.  It  is  thus  easy 
to  discover  whether  the  lines  of  the  in- 
clined beds  bisect  the  angle  of  90°,  formed 
by  the  meeting  of  the  hands,  so  as  to  give 
xt'.  ■  jA  an  angle  of  45°,  or  whether  it  would  di- 
^^  vide  the  space  into  two  equal  or  unequal 
portions.  Tlie  upper  dotted  line  may  express  a  stratum  dipping  to 
the  north ;  but  should  the  beds  dip  precisely  to  the  opposite  point  of 
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tbe  compass  as  in  the  lower  dotted  line,  it  will  be  seen  that  the  amount 
or  inclination  maj  still  be  measured  hj  tbe  hands  with  equnl  facility. 
It  has  been  already  seen,  in  describing  the  curved  strata  on  the 
eut  coast  of  Scotland,  in  Forfarshire  and  Berwickshire,  that  a  series 
of  concave  and  convex  bendings  are  occasionally  repeatet]  several 
times.  These  usuaUy  form  part  of  a  series  of  parallel  waves  of 
strata,  which  are  prolonged  in  the  same  direction  throughout  a  con- 
liderable  extent  of  country.  Thus,  for  eiample,  in  the  Swiss  Jura, 
that  lofty  chain  of  mountains  has  been  proved  to  consist  of  many 
pinJlel  ridges,  with  intervening  longitudinal  valleys,  as  in  fig.  71., 
the  ridges  being  formed  by  curved  fossiliferous  strati,  of  whicli 
the  nature  and  dip  are  occasionally  displayed  in  deep  transverse 
gorges,  called  "  cluaes,"  caused  by  fractures  at  right  angles  to  the 
direction  of  the  chain.*  Now  let  us  suppose  these  ridges  and  parallel 
viUeys  to  run  north  and  south,  we  should  then  say  that  the  ttriie  of 
the  beds  w  north  and  south,  and  tbe  dip  cast  and  west.  Lines 
drawn  along  the  summits  of  the  ridges,  A,  B,  would  be  anticlinal 
Unes,  and  one  following  the  bottom  of  the  adjoining  valleys  a  srn- 
cliaal  line.  It  will  be  observed  that  some  of  these  ridges,  A,  {t,  are 
anbroken  on  tbe  summit,  whereas  one  of  them,  C,  has  been  fractured 
slong  the  line  of  strike,  and  a  portion  of  it  carried  away  by  denud- 
ation, so  that  the  ridges  of  the  beds  in  the  formations  a,  b,  c,  come 


^ —  ^• 


■triHXun  of  the  SvUi  iun. 

out  to  the  day,  or,  as  the  miners 

say,  crop  out,  on  the  sides  of  \\ 

I  valley.     The  ground  plan  of  sucli 

S  a  denuded  ridge  as  C,  as  given 

^  in  a  geological  map,  may  be  ex- 

\  pressed  by  the  diagram  fig.  72., 

C.  and  the  cross  section  of  the  same 

by  fig.  73.     The  line  DE,  fig.  72., 

id  the  anticlinal  line,  on  each  side 


*  fl«  It  Thnrmanii's  work,  "Esui    rcntniy,  Farii.  1B33."  with  whom  I  cx- 
ir  Iti  Soolirtmcni  Jnraniquea  da  For-    anuneil  pan  of  ihese  munntsins  in  1839, 
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iii'  wliicb  the  dip  is  in  opposite  directions,  u  expressed  by  the 
uiTUK's.  The  emergence  of  Btrata  at  tlie  surface  is  called  bj  miners 
tiieir  out'Crop  or  baMset. 

If,  iDslead  of  being  folded  into  parallel  ridges,  the  beds  form  a 
boss  or  dome-shaped  protuberaoce,  and  if  we  suppose  the  Bummit 
of  the  dome  carried  off,  the  ground  plan  would  exhibit  the  edges  of 
the  strata  forming  a  succession  of  circles,  or  ellipses,  round  a  com- 
mon centre.  These  circles  are  the  lines  of  strike,  and  the  dip  being 
alwa3'fl  at  right  angles  is  inclined  in  the  course  of  the  circuit  to  every 
point  of  the  compass,  constituting  what  is  termed  a  qua-quavers;Ll 
dip  —  that  is,  turning  each  way. 

There  are  endless  variations  in  the  figures  described  by  the  basset- 
edges  of  the  strata,  according  to  the  different  inclination  of  the  b<>ds, 
and  the  mode  in  which  they  happen  to  have  been  denuded.  One  of 
the  simplest  rules  with  which  every  geologist  should  be  acquainted, 
i-elates  to  the  V-like  form  of  the  beds  as  they  crop  out  in  an  ordinary 
valley.  First,  if  the  strata  be  horizontal,  the  V-lilie  form  will  be 
also  on  a  level,  and  the  newest  strata  will  appear  at  the  greatest 
lieights. 

Secondly,  if  the  beds  be  inclined  and  intersected  by  a  valley 

sloping  in  the  same  direction,  and  the  dip  of  the  beds  be  less  steep 

than  the  slope  of  the  valley,  then  the  Vs,  as  they  are  often  termed 

by  miners,  will  point  upwards  (see  fig.  74.),  those  formed  by  the 

rtg.T*.  newer  beds  appearing  in 

a  superior  position,    and 

extending  highest  up  the 

valley,  as  A  is  seen  above 

B. 

Thirdly,  if  the  dip  of 
the  beds  be  steeper  than 
the  slope  of  the  valley, 
then  the  Vs  will  point 
downwards  (see  fig.  75.), 
and  those  formed  of  the 
older  beds  will  now  appear 

uppermoac,  as  13  appears 
.,.^.,...„.*.-,,..«,.u»..  ^^^^ 

^*  "  Fourthly,  in  every  case 

where  the  strata  dip  in  a 
contrary  direction  to  the 
slope  of  the  valley,  what- 
ever be  the  angle  of  in* 
clination,  the  newer  beds 
will  appear  the  highest, 
as  in  tlie  first  and  second 
cases.  This  is  shown  by 
the  drawing  (fig.  76.), 
which  exhibits  strata  ri»- 
sii>pcortaiitiiuc,dipofMnuw.  ing   at  an   angle  of  20°, 
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i^i'*-  and  crossed  by  a   valley, 

I  which  declines  id  an  oppo- 

Eite  direction  at  20°.* 

These  rules  maj  often 
be  of  great  practical  uti- 
lity ;  for  the  different  de- 
■  grees  of  dip  occurring  in 
the  two  cases  represented 
in  figures  74  and  75.  may 
occasionally     be     encoun- 
ered  in  following  the  same 
ine  of  flexure  at  points 
a  few  miles  distant  from 
Mivc<ir..u.,xi>'.dip<>r>inuw,iiii)ppMiMiiir«eUoni.  gapij  other.     A  miner  un- 
tttjusinted  with  the  rule,  who  had  first  explored  the  valley  (fig, 
T4.J,  may  have  sunk  a  vertical  shaft  below  tbe  coal  seam  A,  until 
he  reached  the  inferior  bed  B.     He  might  theu  pass  to  the  valley 
Gg.  ^S^  and  discovering  there  also  the  outcrop  of  two  coal  seams, 
might  begin  his  workings  in  the  uppermost  in  the  expectation  of 
coming  down  to  the  other  bed  A,  which  would  be  observed  cropping 
oot  lover  down  the  valley.     But  a  glance  at  the  section  will  demon- 
■iitte  the  futility  of  such  hopes. 

In  the  majority  of  cases,  an  anticlinal  axis  forms  a  ridge,  and  a 

qvclioal  axis  a  valley,  as  in  A,  B,  fig.  62.  p.  48. ;  but  thei-e  are 

Fif.TT.  exceptions  to  this  rule,  the  beds  sometimes 

eloping  inwards  from  either  side  of  a  mvun- 

tain,  as  in  fig.  77.  ,    , 

On  following  one  of  the  anticlinal  ridges 

I  of  the  Jura,  before  mentioned.  A,  B,  C,  fig.  , 

we  often  discover  longitudinal  cracks 
-*  and  sometimes  large  fissures  along  the  line 
There  the  flexure  was  greatest.  Some  of  these,  as  above  stated, 
tuive  been  enlarged  by  denudation  into  valleys  of  considerable  width, 
«  at  C,  fig.  71.,  which  follow  the  line  of  strike,  and  which  we  may 
suppose  to  have  been  hollowed  out  at  the  time  when  these  rocks  were 
»iiU  beneath  the  level  of  the  sea,  or  perhaps  at  the  period  of  their 
gndoal  emei^ence  from  beneath  the  waters.  The  existence  of  such 
encks  at  the  point  of  the  sharpest  bending  of  solid  strata  of  limestone 
ii  precisely  what  wo  should  have  expected ;  but  the  occasional 
*uit  of  all  similar  signs  of  fracture,  even  where  the  strain  has  been 
greatest,  as  at  a,  fig.  71.,  is  not  always  easy  to  explain.  We  must 
inHgine  that  many  strata  of  limestone,  chert,  and  other  rocks  which 
lie  now  brittle,  were  pliant  when  bent  into  their  present  position. 

*  I  im  indebted  to  the  kindneu  of  originala,  taming  Ibem  about  in  d[lferenC 

T.  Sopwiili,  £*q.,  fat  tbre«  modeli  which  waya,  ha  would  m  once  comprehend  tbeir 

1  Ibtc  coined  in  the  Bbove  diagruaa  ;  meaniDg  as  well  u  the  impiDn  of  olhera 

tm  the  beginner  iiiaj  find  it  b^  no  Diouis  far  more  complicated,  wbicfa  the  aame 

ea^  lo  anderttand  aoeh  copiei,  oltbMigh,  engineer   has  constructed   to   illunnue 

it  U  nn  to  examine  and  bandia  the  /aidts. 
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They  may  have  owed  their  flexi  bility  in  part  to  the  fluid  matter 
which  they  contained  in  their  kninute  pores,  as  before  described 
(p.  S5.),  and  in  part  to  the  permeation  of  eoa-water  while  they  were 
yet  submerged.  ' 

At  the  western  extremity  of  blie  Pyrenees,  great  cnrvatuies  of  the 
strata  are  seen  in  the  sea  cliffs,  "where  the  rocks  consist  of  marl,  grit, 
and  chert.     At  certain  points,;  as  at  a,  fig.  78.,  some  of  the  bendings 
'    _    n».  IB. 


of  the  flinty  chert  are  so  sharp,  that  specimens  might  be  broken  ofT, 
well  fitted  to  serve  r.s  ridge-tiles  on  the  roof  of  a  house.  Althongli 
this  chert  could  not  have  been  brittle  as  now,  when  first  folded  into 
this  shape,  it  presents,  nevertheless,  here  and  there  at  the  points  of 
greatest  flexure  small  cracks,  which  show  that  it  was  solid,  and  not 
wholly  incapable  of  breaking  at  the  period  of  its  displacement.  The 
numerous  rents  alluded  to  are  not  empty,  but  filled  with  calcedonj 
and  quartz. 

Between    San   Caterina  and   Castrogiovanni,  in  Sicily,  bent  and 
undulating  gypseous  marls  occur,  with  here  and  there  thin  beds  of 
Pig  ^^  solid  gypsum  interstratified.     Sometimes 

these  solid  layers  have  been  broken  into 
det«cbed  fh^ments,  still  preserving  their 
sharp  edges  (ff  g,  fig,  79.),  while  the  con. 
tinuity  of  the  more  pliable  and  duclilo 
marls,  Di  m,  has  not  been  interrupted. 

I  shall  conclude  my  remarks  on  bent 
strata  by  stating,  that,  in  mountainous 
regions  like  the  Alps,  it  is  oilen  difficult 
for  an  experienced  geologist  to  determine  correctly  the  relative  age 
of  beds  by  superposition,  so  often  have  the  strata  been  folded  back 
upon  themselves,  the  upper  pari«  of  the  curve  having  been  removed 
by  denudation.  Thus,  if  we  met  with  the  strata  seen  in  the  section 
fig.  60.,  we  should  naturally  suppose  that  there  were  twelve  distinct 
Fig.  10.  beds,  or  sets  of  beds,  No.  1.  being  the 

newest,  and  No.  12.  the  oldest  of  the 
series.  But  this  section  may,  perhaps, 
exhibit  merely  six  beds,  which  have 
been   folded   in   the 


fig.  81.,  so  that  each  of  them  is  twice  repeated,  the  position  of  one 
half  being  reversed,  and  part  of  No.  I.,  originally  the  uppermost, 
having  now  become  the  lowest  of  the  series.  These  phenomena  art- 
often  observable  on  a  magnificent  scale  in  certiun  regions  in  Switzer- 
land in  pi'ecipices  from  2000  to  3000  feet  in  perpendicular  height. 
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CURVED  STRATA   IN  THE  ALPS. 


In  the  belten  Alp,  in  the  valley  of  the  Lutscbine,  between  Unterseen 
ind  Griodelwald,  curves  of  calcareous  sbale  are  seen  from  1000  U> 
1500  feet  in  beigbt,  in  which  the  beds  sometimei  plunge  down  ver- 
tiwJly  for  a  depth  of  1000  feet  and  more,  before  they  bend  nnind 


tgaio.    There  are  muiy  flexures  not  inferior  in  dimensions  in  tlie 
I'yreDees,  as  those  near  Gavarnie,  at  the  base  of  Mont  Perdu. 

Unconformabie  ttratificntion. —  Strata  are  said  to  be  unconform- 
ible,  when  one  series  is  so  placed  over  another,  that  the  planes  of  tlie 
superior  repose  on  the  edges  of  the  inferior  (see  fig.  S3.}.     In  thia 
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cu«  it  is  evident  that  a  period  had  elapsed  between  the  production 
"!  the  two  sets  of  strata,  and  that,  during  this  interval,  the  older 
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series  b&d  been  tilted  and  disturbed.  Afterwards  tbe  upper  series 
was  thrown  down  in  horizontal  strata  upon  it.  If  these  superior 
beds,  Kad,  d,  &g.  83.,  are  also  inclined,  it  is  plain  that  the  lower 
strata,  a,  a,  have  been  twice  displaced;  first,  before  the  deposition  of 
the  newer  beds,  d,  d,  and  a  second  time  when  these  same  strata  were 
thrown  out  of  the  horizontal  position. 

Pla^Mr  has  remarked*  tiiat  this  kind  of  junction  which  we  now 
call  unconformable  bad  been  described  before  the  time  of  Hutton, 
but  that  he  was  the  first  geologist  who  appreciated  its  importance,  aa 
illustrating  the  high  antiquity  and  great  revolutions  of  the  globe. 
He  had  observed  that  where  such  contacts  occur,  the  lowest  beds  of 
the  newer  series  very  generally  consist  of  a  breccia  or  conglomerate 
consisting  of  angular  and  rounded  fragments,  derived  from  the  break- 
ing up  of  the  more  ancient  rocks.  On  one  occasicm  the  Scotch 
geoI<^ist  took  hia  two  distinguished  papils,  Playfair  and  Sir  James 
Hall,  to  the  clifis  on  the  east  coast  of  Scotland,  near  the  village  of 
Eyemouth,  not  far  from  St.  Abb's  Head,  where  the  sohists  of  the 
Lammermuir  range  are  undermined  and  dissected  by  the  sea.  Here 
the  curved  and  vertical  strata,  now  known  to  be  of  Silurian  age,  and 
which  often  exhibit  a  ripple-marked  surface,  are  well  exposed  at 
the  headland  called  the  Siccar  Point,  penetrating  with  their  edgea 
into  the  incumbent  beds  of  slightly  inclined  sandstone,  in  which  large 
pieces  of  the  schist,  some  round  and  others  angular,  are  united  by  an 
arenaceous  cement.  "  What  clearer  evidence,"  exclaims  Playfair, 
"could  we  have  had  of  the  different  formation  of  these  rocks,  and  of 
the  long  interval  which  separated  their  formation,  had  we  actually 
seen  them  emerging  from  the  bosom  of  the  deep  ?  We  felt  ourselves 
necessarily  carried  back  to  the  time  when  the  schistus  on  which  we 
stood  was  yet  at  the  bottom  of  the  sea,  and  when  the  sandstone  before 
us  was  only  beginning  to  be  deposited  in  the  shape  of  sand  or  mud, 
from  the  waters  of  a  superincumbent  ocean.  An  epoch  still  more 
remote  presented  itself,  when  even  the  most  ancient  of  these  rocks, 
instead  of  standing  upright  in  vertical  beds,  lay  in  horizontal  planes 
at  the  bottom  of  the  sea,  and  was  not  yet  disturbed  by  that  immea- 
surable force  which  has  burst  asunder  the  solid  pavement  of  the 
globe.  Bevolutiooa  still  more  remote  appeared  in  the  distance  of 
this  extraordinary  perspective.  The  mind  seemed  to  grow  giddy  by 
looking  so  far  into  the  abyss  of  time  ;  and  while  we  listened  with 
earnestness  and  admiration  to  the  philosopher  who  was  now  unfold- 
ing to  us  the  order  and  series  of  these  wonderful  events,  we  became 
sensible  how  much  farther  reason  may  sometimes  go  than  imagina- 
tion  can  venture  to  follow."  t 

In  the  annexed  illustration  (fig.  63  A),  the  reader  will  see  a  view  ot' 
this  classical  spot,  reduced  from  alai^  picture,  faithfully  drawn  and 
coloured  from  nature  by  the  youngest  son  of  the  late  Sir  James  Hall. 
It  was  impossible,  however,  to  do  justice  to  the  original  sketch,  in  an 
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engrftTing,  as  the  contrast  of  tlie  red  sandstooe  and  the  light  fawn- 
coloured  vertical  schists  could  not  be  expressed.  From  the  point  of 
TJeir  here  selected,  the  underlying  beds  of  the  perpendicular  schist,  a, 
ue  risible  at  b  through  a  small  opening  in  the  fractured  beds  of  the 
cohering  of  red  sandstone,  d  d,  while  on  the  vertical  face  of  the  old 
schist  at  o*  a"  a  conspicnoua  ripple-mark  is  displayed. 

It  oflen  happens  that  in  the  interval  between  the  deposition  of  two 
sets  of  unconformable  strata,  the  inferior  rock  has  not  only  been 
denuded,  but  drilled  by  perforating  shells.  Thus,  for  example,  at 
Autreppe  and  Gusigny,  near  Mons,  beds  of  an  ancient  (primary  or 


paleozoic)  limeetone,  highly  inclined,  and  often  bent,  are  covered  with 
horiiontal  strata  of  greenish  and  whitish  marls  of  the  Cretaceous 
formatioo.  The  lotrest  and  therefore  the  oldest  bed  of  the  horizontal 
series  is  usually  the  sand  and  conglomerate,  a,  in  which  are  rounded 
fragments  of  stone,  from  an  inch  to  two  feet  in  diameter.  These  frag- 
ments hare  often  adhering  shells  attached  to  them,  and  have  been 
bored  by  perforating  mollusca.  The  solid  snrface  of  the  inferior 
limestone  has  also  been  bored,  so  as  to  exhibit  cylindrical  and  pear- 
sh^ied  cavities,  as  at  c,  the  work  of  saxicavous  mollusca;  and  many 
rents,  u  at  b,  which  descend  several  feet  or  yards  into  the  limestone, 
bare  been  filled  with  sand  and  shells,  similar  to  those  in  the  stratum  a. 

Fracturts  of  ike  itnUa  andfaylu. — Numerous  rents  may  often  be 
Ken  in  rocka  which  appear  to  have  been  simply  broken,  the  sepa- 
rated parts  remaining  in  the  same  places ;  but  we  often  find  a  fissure, 
Hveral  inches  or  yards  wide,  intervening  between  the  disunited  por- 
tions. These  fissures  are  usually  filled  with  fine  earth  and  san^  or 
with  angular  fragments  of  stone,  evidently  derived  from  the  fracture 
df  the  contiguons  rocks. 

It  is  not  uncommon  to  find  the  mass  of  rock,  on  one  side  of  a 
lusure  thrown  up  above  or  down  below  the  mnss  with  which  it  was 
once  in  contact  on  the  other  side.  "This  mode  of  displacement  is 
called  a  shift,  slip,  or  fault.  "  The  miner,"  says  Flayfair,  describing  a 
fault,  "  is  often  perplexed,  in  bis  subterraneous  journey,  by  a  derange- 
■ncDt  in  the  strata,  which  changes  at  once  all  those  lines  and  bearings 
which  bad  hitherto  directed  his  course.  When  his  mine  reaches  a 
certain  plane,  which  is  sometimes  perpendicular,  as  in  A  B,  fig.  85., 
sometimes  oblique  to  the  horizon  (as  in  C  D,  ibid.],  he  finds  the  beds 
of  rock  broken  asunder,  those  on  the  one  side  of  the  plane  having 
changed  their  place,  by  sliding  in  a  particular  direction  along  the 
face  of  the  others.  In  this  motion  they  have  sometimes  preserved 
tlitir  parallelism,  as  in  fig.  85.,  so  that  the  strata  on  each  side  of  the 
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another;  in  other  casea,  the 
a,b,e,d  (fig.  86.),  though 


tlieir  identity  ia  still  to  be  recognizeil  by  their  possessing  the  same 
thickness  and  the  same  internal  characters."* 

In  Coalbrook  Dale,  says  Mr.  Prestwich  f,  deposits  of  sandstone, 
shale,  and  coal,  several  thousand  feet  thick,  and  occupying  an  area 
uf  many  miles,  have  been  shivered  into  fragments,  and  the  broken 
remnants  have  been  placed  in  very  discordant  positions,  often  at 
levels  differing  several  hundred  feet  from  each  other.  The  sides  of 
the  faults,  when  perpendicular,  are  commonly  separated  several  yards, 
but  are  sometimes  as  much  as  50  yards  asunder,  the  interval  being 
tilled  with  broken  dibrit  of  the  strata.  In  following  the  course  of 
the  same  fault  it  is  sometimes  found  to  produce  in  different  places 
very  unequal  changes  of  level,  the  amount  of  shift  being  in  one  place 
GOO,  and  in  another  700  feet,  which  arises,  in  some  cases,  from  the 
union  of  two  or  more  faults.  In  other  words,  the  disjointed  strata 
have  in  certain  districts  been  subjected  to  renewed  movements,  which 
they  have  not  suffered  elsewhere. 

We  may  occasionally  see  exact  counterparts  of  these  slips,  on  a 
small  scale,  in  pits  of  loose  sand  and  gravel,  many  of  which  have 
doubtless  been  caused  by  the  drying  and  shrinking  of  argillaceous 
and  other  beds,  slight  subsidences  having  taken  place  from  failure 
of  support.  Sometimes,  however,  even  these  small  slips  may  have 
been  produced  during  earthquakes ;  for  land  has  been  moved,  and  its 
level,  relatively  to  the  ses,  considerably  altered,  within  the  period 
when  much  of  the  alluvial  sand  and  gravel  now  covering  the  nuface 
of  continents  was  deposited. 

*  Flojrnir,  Qlost.  of  Hntt.  Theocy,  t  Oeol.  Trana  Mcond  serin,  vol  r, 
§  49.  p.  Hi. 
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1  his  guard,  in  e. 
rffioD  of  diatarbed  strata,  agaioBt  inferring  repeated  alternations  of 
rocks,  when,  in  fact,  the  same  strata,  once  continuous,  have  been 
beat  ronnd  so  as  to  recur  in  the  same  section,  and  with  the  same  dip. 
A  umilar  mistake  has  often  been  occasioned  by  a  series  of  faults. 

If;  for  example,  the  dark  line  A  H  (fig.  87.)  represent  the  surface 
itfacoiuitrjonwluchthestrataaicfrequentljcrop  out, an  observer. 


*bo  is  proceeding  from  H  to  A,  might  at  first  imagine  that  at  everj 
ftep  be  was  approaching  new  strata,  whereas  the  repetition  of  the 
nme  beds  has  been  caused  bj  vertical  faults,  or  downthrows.  Thus, 
suppose  the  original  mass.  A,  B,  C,  D,  to  have  been  a  set  of  uniformlj 
inchned  strata,  and  that  the  different  masses  under  EF,  FG,  and 
UD.sank  down  snceesaivel^,  so  as  to  leave  Tacant  the  spaces  marked 
in  the  diagram  by  dotted  lines,  and  to  occupy  those  marked  by  tlie 
mntinuoas  lines,  then  let  denudation  take  place  along  the  line  A  H, 
m  that  the  protruding  masses  indicated  by  the  fainter  lines  are  swept 
iiTRy, — a  miner,  who  has  not  discovered  the  faults,  finding  the  mass 
a.  which  we  will  suppose  to  be  a  bed  of  coal  four  times  repeated, 
night  hope  to  find  four  beds,  workable  to  an  indefinite  depth,  but 
firaton  arriving  at  the  fault  G  he  is  stopped  suddenly  in  his  workings, 
npon  reaching  the  strata  of  sandstone  e,  or  on  arriving  at  the  line  of 
fuilt  F  he  comes  partly  upon  the  shale  b,  and  partly  on  the  sandstone 
Miad  on  reaching  £  he  is  again  stopped  by  a  wall  composed  of  the 
rocki 

The  very  difierent  levels  at  which  the  separated  parts  of  the  same 
irsla  are  fonnd  on  the  different  sides  of  the  fissure,  in  some  faults, 
is  truly  astonishing.  One  of  the  most  celebrated  in  England  is  that 
oiled  the  "  ninety-fathom  dike,"  in  the  coal-field  of  Newcastle.  This 
name  has  been  given  to  it,  because  the  same  beds  are  ninety  fathoms 
lower  on  the  northern  than  they  are  on  the  southern  side.  The 
tiMore  has  been  filled  by  a  body  of  sand,  which  is  now  in  the  Mate 
uf  Mndstone,  and  is  called  the  dike,  which  is  sometimes  very  narrow, 
but  in  other  places  more  than  twenty  yards  wide.  *     The  walls  of  the 

*  Conrbears  and  Riillips,  Ontlinu,  &c  p.  376. 
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Ussure  are  Bcored  by  grooves,  anch  as  would  have  been  produced  if 
the  broken  ends  of  the  rock  had  been  rubbed  along  the  plane  of  the 
fault*  In  the  Tyned&le  and  Craven  faults,  in  the  north  of  England, 
the  vertical  displacement  ia  still  greater,  and  the  fracture  has  ex- 
tended in  a  horiMntal  direction  for  a  distance  of  thirty  miles  or  more. 
Some  geologists  consider  it  necessary  to  imagine  that  the  upward  or 
downward  movement  in  these  cases  was  accomplished  at  a  single 
stroke,  and  not  by  a  series  of  sudden  but  interrupted  movemcnta. 
Thisideaappearstohavebeen  derived  from  a  notion  that  the  grooved 
walls  have  merely  been  rubbed  in  one  direction.  But  this  is  so  far 
from  being  a  constant  phenomenon  in  faults,  that  it  has  often  been 
objected  to  the  received  theory  respecting  those  polished  surfaces 
called  "  slickensides "  that  tbe  strim  are  not  always  parallel,  but 
often  curved  and  irregular.  Jt  has,  moreover,  been  remarked,  that 
not  only  the  walls  of  the  fissure  or  fault,  but  its  earthy  contents, 
sometimes  present  the  same  polished  and  striated  faces.  Now 
these  facts  seem  to  indicate  partial  changes  in  the  direction  of  the 
movement,  and  some  slidings  subsequent  to  the  first  filling  up  of 
tiie  fissure.  Suppose  the  mass  of  rock  A,  B,  C,  to  overlie  an  ex- 
tensive chasm  d  e,  formed  at  the  depth  of  several  miles,  whether  hy 


the  gradual  contraction  in  bulk  of  a  melted  mass  passing  into  a  solid 
or  crystalline  state,  or  the  shrinking  of  argillaceous  strata,  baked  by  a 
moderate  heat,  or  by  the  subtraction  of  matter  by  volcanic  action,  or 
any  other  cause.  Now,  if  this  region  bo  convulsed  by  earthquakes, 
tbe  flssuresy  y,  and  others  at  right  angles  to  them,  may  sever  the 
mass  B  from  A  and  from  C,  so  that  it  may  move  freely,  and  begin 
to  sink  into  the  chasm.  A  fracture  may  be  conceived  so  clean  and 
perfect  as  to  allow  it  to  subside  at  once  to  the  bottom  of  the  subter- 
ranean cavity ;  but  it  is  far  more  probable  that  the  sinking  will  be 
efiected  at  successive  periods  during  difierent  earthquakes,  the  mass 
always  continuing  to  slide  in  the  same  direction  along  the  planes  of 
the  fissures/ji,  and  the  edges  of  the  falling  mass  being  continually 
more  broken  and  triturated  at  each  convulsion.  If,  as  is  not  im- 
probable, the  circumstances  which  have  caused  the  failure  of  support 
continue  in  operation,  it  may  happen  that  when  the  mass  B  has  filled 
the  cavity  first  formed,  its  foundations  will  again  give  way  under  it, 
so  that  it  will  fall  agtun  in  the  same  direction.  But,  if  the  direction 
sliould  change,  the  fact  could  not  be  discovered  by  observing  the 
slickensides,  because  the  last  scoring  would  efface  the  lines  of  pre- 
vious friction.  In  the  present  state  of  our  ignorance  of  the  causes 
of  subsidence,  an  hypothesis  which  can  explain  the  great  amount  of 
displacement  in  some  faults,  on  sound  mechanical  principles,  by  a 
•  Pbillipa,  Oeology,  I*rdiier'>  CyclopL  p.  41. 
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tDcceasioD  of  nrareinents,  is  far  preferable  to  aaj  theory  which  sa- 
iaiae»  ettch  r&ult  to  have  been  accomplished  bj  a  single  upcast  or 
dawutbraw  of  several  thousaad  feet.  For  we  know  that  there  are 
operations  now  in  progress,  at  great  depths  in  the  interior  of  the 
evth,  bj  which  both  lai^  and  small  tracts  of  ground  are  made  to 
rise  above  and  sink  below  their  former  level,  some  slowly  and  in- 
sensibly, others  suddenly  and  by  starts,  a  few  feet  or  yards  at  a  time ; 
whereas  there  are  no  grounds  for  believing  that,  during  the  last  3000 
years  at  least,  any  regions  have  been  either  upheaved  or  depressed, 
■t  a  Mngle  stroke,  to  the  amount  of  several  hundred,  much  less  several 
tbonsand  feet.  When  some  of  the  ancient  marine  formations  ari> 
described  in  the  sequel,  it  will  appear  that  their  structure  and 
organic  contents  (the  fossik  often  belonging  exclusively  to  shallow, 
water  species  and  genera)  point  to  the  conclusion,  that  the  floor  of 
tbe  ocean  was  slowly  sinking  at  the  time  of  their  origin.  The  down- 
ward movement  was  very  gradual,  and  in  Wales  and  the  contiguous 
parts  of  England  a  maximum  thickness  of  32,000  feet  (more  tliaii 
»iz  miles)  of  Carboniferous,  Devonian,  and  Silurian  rock  was  formed, 
whilst  tiie  bed  of  the  sea  was  all  the  time  continuously  and  trnn- 
quilly  subeidiog.*  Whatever  may  have  t>een  the  changes  which  the 
Mlid  foundation  underwent,  whether  accompanied  by  the  melting;. 
coDsoUdation,  crystallization,  or  desiccation  of  subjacent  mineral 
■Uter,  it  is  clear  from  the  fact  of  the  sea  having  remained  shallot' 
all  the  while  that  the  bottom  never  sank  down  suddenly  to  the  depth 
of  many  hundred  feet  at  once. 

It  is  by  assuming  such  reiterated  variations  of  level,  each  separately 
of  small  vertical  amount,  but  multiplied  by  time  till  they  acquire  im- 
portance in  the  aggregate,  that  we  are  able  to  explain  the  phenomena 
of  denudation,  which  will  be  treated  of  in  the  next  cliapier.  By  such 
movements,  every  portion  of  the  surface  of  the  land  becomes  in  it^ 
torn  a  line  of  coast,  and  is  exposed  to  the  action  of  the  waves  and 
tides.  A  country  which  is  undergoing  such  movement  is  never 
allowed  to  settle  into  a  state  of  equilibrium,  tlierefore  the  force  of 
riven  and  torrents  to  remove  or  excavate  soil  and  rocky  masses  is 
sustained  in  undiminished  energy. 
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CHAPTER  TL 

DENnDAIIOtr. 

Denndalioa  defined  —  Iti  amount,  equal  to  the  entire  mua  or  MrUifled  deposits  in 
llie  earth's  cniM — Horizontal  sonditone  denuded  in  Boas-ihire — Levelled  nirfacc 
of  coanCrieg  in  which  greu&alte  occur— Coalbrook  Dale — Denading  power  of 
the  ocean  daring  the  emergenee  of  land — Origin  of  Tallefs — OblitenUioD  ofMa- 
clifTs — Inland  Bca-cliSs  and  terrace*  in  the  Morea  and  Sicily — LioKiacone  pDlan 
at  Sc  Hihiel,  in  France— in  Canada — in  the  Bcnnodaa. 

Pen CDATiON,  which  ha§  been  occasionally  spoken  of  in  the  preceding 
chapters,  is  the  removal  of  solid  matter  by  water  in  motion,  whether  of 
riveraorof  the  waves  and  cnrrents  of  the  sea,  and  the  consequent  lay- 
ing bore  of  some  inferior  rock.  Geol<^sts  have  perhaps  been  seldom 
in  the  habit  of  reflecting  that  this  operation  bee  exerted  an  inflnence 
on  the  structure  of  the  earth's  crust  as  universal  and  important  as 
sedimentary  deposition  itself;  for  denudation  is  the  inseparable  ac- 
companiment of  the  production  of  all  new  strata  of  mechanical  origin. 
The  formation  of  every  new  deposit  by  the  transport  of  sediment  and 
pebbles  necessarily  implies  that  there  has  been,  somewhere  else,  ft 
grinding  down  of  rock  into  rounded  fragments,  sand,  or  mud,  equal  in 
quantity  to  the  new  strata.  All  deposition,  therefore,  except  in  the  case 
of  a  shower  of  volcanic  ashes,  is  the  sign  of  superficial  waste  going  on 
contemporaneously,  and  to  an  equal  amount  elsewhere.  The  gain  at 
one  point  is  do  more  than  sufficient  to  balance  the  loss  at  some  other. 
Here  a  lake  has  grown  shallower,  there  a  ravine  has  been  deepened. 
The  bed  of  the  sea  has  in  one  region  been  raised  by  the  accumulation 
(tf  new  matter,  in  another  its  depth  has  been  augmented  by  thf 
abstraction  of  an  equal  quantity. 

When  we  see  a  stone  building,  we  know  that  somewhere,  far  or 
near,  a  quarry  has  been  opened.  The  courses  of  stone  in  the  building 
may  be  compared  to  successive  strata,  the  quarry  to  a  ravine  or  valley 
which  has  suffered  denudation.  As  the  strata,  like  the  courses  of 
hewn  stone,  hare  been  laid  one  upon  another  gradually,  so  the  ex- 
cavation both  of  the  valley  and  quarry  have  been  gradual.  To  pursue 
the  comparison  still  farther,  the  superficial  heaps  of  mud,  sand,  and 
gravel,  usually  called  alluvium,  may  be  likened  to  the  rubbish  of  a 
quarry  which  has  been  rejected  as  useless  by  the  workmen,  or  has 
I'ltllen  upon  the  road  between  the  quarry  and  the  building,  so  as  to 
lie  scattered  at  random  over  the  ground. 

If,  then,  the  entire  mass  of  stratified  deposits  in  the  earth's  cmst 
i*  at  once  the  monument  and  measure  of  the  denudation  which  has 
taken  place,  on  how  stupendous  a  scale  ought  we  to  find  the  signs  of 
this  removal  of  transported  materials  in  past  akcs!  Accordinslv, 
there  are  different  glasses  of  phenomena,  which   aitest  in  a   ntost 
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Hriking  minner  the  vaat  apKces  left  vacuit  by  the  erosive  power  of 
*»ter.  I  ntay  allude,  first,  to  those  viUleyB  on  both  sides  of  which 
liw  Mme  strata  are  seen  fotlowiog  each  other  in  the  same  order,  uid 
KaTiDg  the  same  nuneral  compoBition  and  fossil  contents-  We  ma^ 
observe^  for  example,  several  formations,  as  Nos.  1,  2,  3,  4,  ia  the 
I  acGompanjiDg  diagram  (fig.  89.);  Ko.  1- 
eon^omerate,  N'o.  2,  clay,  No.  3.  grit,  and 
Na  4.  limestone,  each  repeated  in  a  series 
of  bills  separated  by  valleys  varying  in 
'  depth.     When  we  exaiuiiie  the  subordi- 

nate  parts  of  these  four  fitrmalions,    we 

■.aiiaiiiw.  Sad,  in  like  manner,  distinct  beds  in  each, 

eorresponding,  on  the  opposite  sides  of  the  volleys,  both  in  compo- 
jition  a>d  order  of  position.  No  one  can  doubt  that  the  strata  wero 
originally  contiunDus,  and  that  some  caose  has  swept  awny  the  por- 
tiou  which  once  connected  the  whole  series.  A  torrent  on  the  side 
of  a  monntaia  produces  similar  inttirruptionsi  and  when  we  make 
irafieial  cuts  ia  lowering  roads,  we  eiposa,  in  like  manner,  corre 
iponding  beds  on  either  side.  But  in  nature,  these  appearances  occur 
in  moantaiDB  swveral  thousand  feet  high,  and  separated  by  intervals 
of  many  miles  or  leagues  in  extent,  of  which  a  grand  exemplification 
ij  described  by  Dr.  Macculloch,  on  the  north-western  coast  of  Boss- 
tUre  in  Scotlud.* 


Tbe  (hndameDtal  rock  of  that  country  is  gneiss,  in  disturbed  strata, 
w  wfaieh  beds  of  nearly  horizontal  red  aundstone  rest  unconformably. 
The  latter  are  often  very  thin,  forming  mere  flags,  with  their  surfaces, 
diaiioctly  ripple -marked.  They  end  abruptly  on  the  declivities  of 
nuoj  insulated  mounttuns,  which  rise  up  at  once  to  the  height  of 
>boat  2000  feet  above  the  gneiss  of  the  surrounding  plain  or  table 
land,  snd  to  an  average  elevation  of  about  3000  feet  above  the  sen, 
Thich  alt  their  summits  generally  attain.  Tlie  base  of  gneiss  varies 
in  heigb^  so  that  the  lower  portions  of  the  sandstone  occupy  difiTerent 
levels,  and  the  thickness  of  the  mass  is  various,  sometimes  exceeding 
3000  feet.  It  is  impossible  to  compare  these  scattered  and  detached 
lioninos  without  imagining  that  the  whole  country  has  onoe  been 
'"Tered  with  a  great  body  of  sandstone,  and  that  masses  from  lOGO 
u  more  than  3000  feet  in  thickness  have  been  removed. 

In  the  "  Sorvey  of  Great  Britain  "  (vtJ.  i.),  Professor  Kamsay 
'-M  shown  that  the  missing  beds,  removed  from  the  summit  of  the 
^adips,  must  have  been  nearly  a  mile  in  thickness  ;  and  he  ha^i 
fluted  out  considerable  areas  in  South  Walea  and  some  of  the  ad- 

*  Tcftern  blaodi,  vol.  ii.  p.  93.  pi.  31,  fig.  4. 
r  » 
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jacent  counties  of  England,  where  a  series  of  primary  (or  pabeozoic) 
strata,  not  less  than  1 1,000  feet  in  thickness,  have  been  stripped  off. 
All  these  materials  have  of  oourse  been  transported  to  new  regions, 
and  have  entered  into  the  composition  of  more  modem  formations.  On 
the  other  hand,  it  is  shorn  bjobserTations  in  the  same  "Survey,"  that 
the  paheozoic  strata  are  From  20,000  to  30,000  feet  thick.  It  b  clear 
that  such  roeka,  formed  of  mud  and  sand,  now  for  the  most  part 
coitBoli dated,  are  the  monuments  of  denuding  operations,  which  took 
place  on  a  grand  scde  at  a  very  remote  period  in  the  earth's  historj-. 
For,  whatever  has  been  given  to  one  area  must  always  have  been 
borrowed  from  another ;  a  truth  which,  obvious  as  it  may  seem  when 
thus  stated,  mnst  be  repeatedly  impressed  on  the  student's  mind, 
because  in  many  geological  speculations  it  is  taken  for  granted  that 
the  external  crust  of  the  earth  has  been  always  growing  thicker  in 
consequence  of  the  acoumulation,  period  after  period,  of  sedimentary 
matter,  as  if  the  new  strata  were  not  always  produced  at  the  expense 
of  pre-existing  rocks,  stratified  or  nnstradfied.  By  duly  reflecting 
on  the  fact,  tkat  all  deposits  of  mechanical  origin  imply  the  trans- 
portation from  some  other  region,  whether  contiguous  or  remote,  of 
an  equal  amount  of  solid  matter,  we  perceive  that  the  stony  exterior 
of  the  planet  must  always  have  grown  thinner  in  one  place,  whenever, 
by  accessions  of  new  eirata,  it  was  acquiring  thickness  in  another. 
No  doubt  the  vacant  space  left  by  the  missing  rocks,  a{\er  exleosive 
denuJation,  is  less  imposing  to  the  imagination  than  a  vast  thicknesit 
of  conglomerate  or  sandstone,  or  the  bodily  presence  as  it  were  of  a 
mountain- chain,  with  all  its  inclined  and  curved  strata.  But  the 
denuded  tracts  speak  a  clear  and  emphatic  language  to  our  reason, 
and,  like  repeated  layers  of  fossil  nummulites,  corals  or  shells,  or 
like  numerous  seams  of  coal,  each  based  on  its  under-clay  full  of  t!u- 
roots  of  trees,  still  remaining  in  their  natural  position,  demand  an 
indefinite  lapse  of  time  for  their  elaboration. 

No  one  will  maintain  that  the  fossils  entombed  in  these  rocks  did 
not  belong  to  many  successive  generations  of  plants  and  animals. 
In  like  manner,  each  sedimentary  deposit  attests  a  slow  and  gradual 
action,  and  the  strata  not  only  serve  as  a  measure  of  the  amount 
of  denudation  simultaneously  effected  elsewhere,  but  are  also  a  cor- 
rect indication  of  the  rate  at  which  the  denuding  operation  was 
carried  on. 

Perhaps  the  most  convincing  evidence  of  denudation  on  a  mu- 
nificent scale  is  derived  from  the  levelled  surfaces  of  districts  where 
large  faults  occur.  I  have  shown.  In  fig.  87.  p.  63.,  and  in  fig.  91.. 
how  angular  and  protruding  masses  of  rock  might  naturally  IuiT«r 
been  looked  for  on  the  surface  immediately  above  great  faults,  al- 
though in  fact  they  rarely  exist.  This  phenomenon  may  be  well 
studied  in  those  districts  where  coal  has  been  extensively  worked,  for 
there  the  former  relation  of  the  beds  which  have  shifted  their  position 
may  be  determined  with  great  accuracy  Thus  in  the  coal  field  of 
Ashby  de  la  Zouch,  in  Leicestershire  (see  fig.  9I-),  a  fault  occurs,  on 
one  side  of  which  the  coal  beds  abed  rise  to  the  height  of  SCO  feet 
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abore  the  corresponding  beds  od  t&e  other  side.  But  the  uplifted 
'irala  do  not  stand  up  500  feet  above  the  general  surface ;  on  the 
rontrsrj,  the  outline  of  the  country,  as  expressed  bj  the  line  £  s,  is 
uniformly  undulating  without  any  break,  and  the  mass  indicated  bj 
the  dotted  outline  must  have  been  washed  away.*  There  are  proofs 
of  this  kind  in  some  level  countries,  where  dense  masses  of  strata 
iiave  been  cleared  away  from  areas  several  hundred  square  miles  in 
extent. 

In  the  Newcastle  coal  district  it  is  ascertained  that  faults  occur  in 
which  the  upward  or  downward  movement  could  not  have  been  less 
than  140  fathoms,  which,  had  they  affected  the  configuration  of  the 
-urface  to  an  equal  amount,  would  produce  mountains  with  pre- 
i-ipitouB  escarpments  nearly  1000  feet  high,  or  chasms  of  the  like 
'iepth ;  yet  is  the  actual  level  of  the  country  absolutely  uniform, 
affording  no  trace  whatever  of  subterranean  movements.t 

The  ground  from  wliich  these  materials  have^been  removed  is 
usually  overspread  with  heaps  of  sand  and  gravel,  formed  out  of  the 
ruins  of  the  very  rocka  which  have  disappeared.  Thus,  in  ihe  dis- 
tricts above  referred  to,  they  consist  of  rounded  and  angular  frag- 
ments of  hard  sandstone,  limestone,  and  ironstone,  with  a  small 
■juantity  of  the  more  destructible  shale,  and  even  rounded  pieces  of 

Allusion  has  been  already  made  to  the  shattered  state  and  dis- 
cordant position  of  t!ie  carboniferous  strata  in  Coalbrook  Dale 
(p.  62.),  The  collier  cannot  proceed  three  or  four  yards  without 
meeting  with  small  slipii,  and  from  time  to  time  he  encounters  faults 
of  considerable  magnitude,  which  have  thrown  the  roclis  up  or 
down  several  hundred  feet.  Yet  the  superficial  inequalities  to  which 
these  dislocated  masses  originally  gave  rise  are  no  longer  discernible, 
and  the  comparative  flatness  of  the  existing  surface  can  only  be 
explained,  as  Mr.  Frestwich  has  observed,  by  supposing  the  frac- 
tured portions  to  have  been  removed  hy  water.  It  is  also  clear  that 
i^nta  of  red  sandstone,  more  than  1000  feet  thiclc,  which  once 
•  overed  the  coal,  in  the  same  region,  have  been  carried  away  from 
lirge  areas.  That  water  has,  in  this  ca^e,  been  the  denuding  agent, 
ne  may  infer  from  the  fact  that  the  rocks  have  yielded  according  to 
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their  different  degrees  of  hftrdness  j  the  hard  trap  of  the  Wrekin,  for 
example,  and  other  hills,  having  resisted  more  than  the  softer  shale 
and  sandstone,  so  as  now  to  stand  out  in  bold  relief.* 

Oriffin  ofval/et/s, — Many  of  the  earlier  geologiits,  and  Dr.  Hutlon 
among  them,  taught  that  "rivers  have  in  general  hollowed  out  their 
valleys."  This  is  no  doubt  true  of  rivulets  and  torrents  vhich  are 
the  feeders  of  the  larger  streams,  and  which,  descending  over  rapid 
elopes,  are  most  subject  to  temporary  increase  and  diminution  in  the 
volume  of  their  waters.  It  must  also  be  admitted  that  the  quantity 
of  mud,  sand,  and  pebbles  oonstituting  many  a  modern  delta  is  so 
considerable  as  to  prove  that  a  very  large  part  of  the  inequalities  sow 
existing  on  the  earth's  surface  are  due  to  fluviatilo  action  ;  hut 
the  principal  valleys  in  almost  every  great  hydrographical  basin  in 
the  world,  are  of  a  shape  and  magnitude  which  imply  that  they 
have  been  due  to  other  causes  besides  the  mere  czcarating  power  of 

Some  geologists  have  imagined  that  a  deluge,  or  succession  of 
deluges,  may  have  been  the  chief  denuding  i^ncy,  and  they  have 
speculnted  on  a  scries  of  enormous  waves  raised  by  the  instantaneous 
upthrow  of  continents  or  mounlain  chains  out  of  the  sea.  But  even 
were  we  disposed  to  grant  such  sudden  upheavals  of  the  floor  of  the 
ocean,  and  to  assume  that  great  waves  would  be  the  consequence  of 
each  convulsion,  it  is  not  easy  to  explain  the  observed  phenomena  by 
the  aid  of  so  gratuitous  an  hypothesis. 

On  the  other  hand,  a  machinery  of  a  totally  different  kind  seems 
capable  of  giving  rise  to  effects  of  the  required  magnitude.  It  has 
now  been  ascertained  that  the  rising  and  sinking  of  extensive  por- 
tions of  the  earth's  crust,  whether  insensibly  or  by  a  repetition  of 
sudden  shocks,  is  part  of  the  actual  course  of  nature,  and  we  may 
■  easily  comprehend  how  the  land  may  have  been  exposed  during  these 
movements  to  abrasion  by  the  waves  of  the  sea.  In  the  some 
manner  as  a  mountiun  mass  may,  in  the  course  of  ages,  be  formed 
by  sedimentary  deposition,  layer  afcer  layer,  so  masses  eqaally 
voluminous  may  in  time  waste  away  by  inches ;  as,  for  example,  if 
beds  of  incoherent  materials  are  raised  slowly  in  an  open  sea  where 
a  strong  current  prevaib.  It  is  well  known  that  some  of  these 
oceanic  currents  have  a  breadth  of  2CX)  miles,  and  that  they  some- 
times run  for  a  thousand  miles  or  more  in  one  direction,  retaining  a 
considerable  velocity  even  at  the  depth  of  several  hundred  feet. 
Under  these  circumstances,  the  flowing  waters  may  have  power  tu 
clear  away  each  stratum  of  incoherent  materials  as  it  rises  and 
approaches  the  surface,  where  the  waves  exert  the  greatest  force ; 
and  in  this  manner  a  voluminous  deposit  may  he  entirely  swept 
nway,  so  that,  in  the  absence  of  faults,  no  evidence  may  remain  of 
ihe  denuding  operation.  It  may  indeed  be  affirmed  that  the  signs  of 
waste  will  usually  be  least  obvious  where  the  destruction  has  been 
most  complete ;  for  the  annihilation  may  have  proceeded  so  far,  that 
no  ruins  are  left  of  the  dilsjtidated  rocks, 

*  rmtwich,  Gool  Trans,  second  kHcs^  voL  v.  pp.  tSi.  4T3. 
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Although  denudation  has  had  a  levelling  influence  on  some 
coantrjes  of  shattered  and  disturbed  strata  (see  fig.  87.  p.  63.  and 
fig.  91.  p.  69.),  it  hu  more  commonlj  been  the  cause  of  superScial 
ioequalities,  eepecially  in  regions  of  horizontal  stratification.  Tlie 
general  outline  of  these  r^ons  is  that  of  flat  and  level  platforms, 
interrupted  bj  valley  often  of  considerable  depth,  and  ramifjfing 
in  various  directions.  These  hollows  may  once  have  formed  bays 
ud  channels  between  islands,  and  the  steepest  slope  on  the  sides  of 
each  vallej  may  hare  been  a  sea-cliff,  which  was  undermined  for 
(gea,  as  the  land  emerged  gradually  from  the  deep.  We  may 
rappose  the  position  and  course  of  each  valley  to  have  been  originally 
determined  by  differences  in  the  hardness  of  the  rocks,  and  by  rents 
ud  jointa  which  usually  occur  even  in  horizontal  strata.  In  moun- 
tain chains,  snch  as  the  Jura  before  described  (see  fig.  71.  p.  55.), 
we  perceive  at  once  that  the  principal  valleys  have  not  been  due  to 
tqueouB  excavation,  but  to  those  mechanical  movements  which  have 
bent  the  rocks  into  their  present  form.  Yet  even  in  the  Jura  theti* 
are  many  valleys,  such  as  C  (fig.  1h\  which  have  been  hollowed  out 
by  water ;  and  it  may  be  stated  that  in  every  part  of  the  globe  the 
iinevenaess  of  the  surface  of  the  land  has  been  dne  to  the  combined 
influence  oT  aubterraneaa  movements  and  denudation. 

I  may  ntfw  recapitulate  a  few  of  the  conclusions  to  which  we  have 
wrired :  first,  all  the  mechanical  strata  have  been  accumulated 
gradnaliy,  and  the  concomitant  denudaljon  has  been  no  less  gradual  -. 
secondly,  the  dry  land  consists  in  great  part  of  strata  formed  origin- 
ally at  the  bottom  of  the  sea,  and  has  been  made  to  emerge  and 
sttain  its  present  height  by  a  force  acting  from  beneath :  thirdly,  no 
combination  of  causes  has  yet  been  conceived  so  capable  of  producing 
cxtensire  and  gradual  denudation,  as  the  action  of  the  waves  and 
currents  of  the  ocean  upon  land  slowly  rising  oat  of  the  deep. 

Now,  if  we  adopt  these  conclusions,  we  shall  naturally  be  led  to 
look  everywhere  for  marks  of  the  former  residence  of  the  sea  upon 
the  laud,  especially  near  the  coasts  from  which  the  last  retreat  of  the 
waters  took  place,  and  it  will  be  found  that  such  signs  are  not 
wanting. 

I  shall  have  occawon  to  speak  of  ancient  sea-cliffs,  now  far  inland, 
in  tbe  south-east  of  England,  when  treating  in  Chapter  XIX.  of  the 
denudation  of  the  chalk  in  Surrey,  Kent,  and  Sussex.  Lines  of 
npraised  sea-beaches  of  more  modern  date  are  traced,  at  various 
levels  from  20  to  100  feet  and  upwards  above  the  present  sea-level, 
for  great  distances  on  the  east  and  west  coasts  of  Scotland,  as  well  as 
in  Devonshire,  and  other  counties  in  England.  These  ancient  beach- 
line*  often  form  terraces  of  sand  and  gravel,  including  littoral  shells, 
some  broken,  others  entire,  and  corresponding  with  species  noiv 
living  on  tbe  adjoining  coast  But  it  would  be  unreasonable  to 
expect  to  meet  everywhere  with  the  signs  of  ancient  shores,  since  no 
gedogist  can  have  failed  to  observe  how  soon  all  recent  marks  of  the 
kind  above  alluded  to  are  obscured  or  entirely  effaced,  wherever,  in 
consequence  of  the  altered  state  of  the  tides  and  currents,  tbe  sea  has 
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receded  for  a  few  centaries.  We  see  the  cliffs  crumble  down  in  a 
few  ^ears  if  composed  of  sand  or  clftj,  ftod  soon  reduced  to  a  gentle 
slope.  If  there  were  sheila  on  the  beach,  thej  demmipose,  and  their 
materials  are  washed  away,  after  which  the  sand  and  shingle  may 
resemble  any  other  alluTiums  scattered  over  the  interior. 

The  features  of  an  ancient  shore  may  sometimes  be  concealed  by 
the  growth  of  trees  and  shrubs,  or  by  a  covering  of  blown  sand,  a 
good  example  of  which  occurs  a  few  miles  vest  from  Dax,  near 
Bourdeaux,  in  the  south  of  France.  .About  twelve  miles  inland,  a 
steep  bank  may  be  traced  running  in  a  direction  nearly  north-east 
and  Bouth-west,  or  parallel  to  the  contiguous  coast  This  sadden 
fall  of  about  50  feet  conducts  us  from  the  higher  platform  of  the 
Landcs  to  a  lower  pltun  which  extends  to  the  sea.     The  outline  of 


the  ground  suggested  to  me,  as  it  would  do  to  every  geologist,  the 
opinion  that  the  bank  in  question  was  once  a  sea-clifi',  when  the 
whole  country  stood  at  a  lower  level.  But  this  is  no  longer  matter 
of  conjecture,  for,  in  making  excavations  in  1830  for  the  foundation 
of  a  building  at  Abesse,  a  quantity  of  loose  sand,  which  formed  the 
rtlnpe  d  e,  was  removed ;  and  a  perpendicular  cliff,  about  50  feet  in 
height,  which  had  hitherto  been  protected  from  the  agency  of  the 
elements,  was  exposed.  At  the  bottom  appeared  the  limestone  6, 
containing  tertiary  shells  and  corals,  immediately  below  it  the  clay  c, 
and  above  it  the  usual  tertiary  sand  a,  of  the  department  of  the 
Landes.  At  the  base  of  the  precipice  were  seen  lar^e  partially 
rounded  masses  of  rock,  evidently  detached  from  the  stratnm  A. 
The  face  of  the  limestone  was  hollowed  out  and  weathered  into  such 
forms  as  are  seen  in  the  calcareous  cliffs  of  the  adjoining  coast, 
especially  at  Biaritz,  near  Bayonne.  It  is  evident  that,  when  this 
country  stood  at  a  somewhat  lower  level,  the  sea  advanced  along  the 
surface  of  the  argillaceous  stratum  e,  which,  from  its  yielding  nature, 
favoured  the  waste  by  allowing  the  more  solid  superincumbent  stone 
li  to  be  readily  undermined.  Afterwards,  when  the  country  had 
been  elevated,  part  of  the  sand,  a,  fell  down,  or  was  drifted  by  the 
winds,  so  as  to  form  the  talus,  de,  which  masked  the  inland  cliff  until 
it  was  artificially  laid  open  to  view. 

When  we  are  considering  the  various  causes  which,  in  the  course 
of  ages,  may  efface  the  characters  of  an  ancient  sea-coast,  earth- 
quakes must  not  be  forgotten.  Daring  violent  shocks,  steep  and 
overhanging  cliffs  are  often  thrown  down  and  become  a  heap  of 
ruins.      Sometimes  unequal  movements  of  upheaval  or  depression 
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enu'relj  destroy  that  horizontality  of  the  bnse-line  which  constitutea 
tbe  chief  pecnUuitj  of  tn  ancieot  sea-cliff. 

It  ia,  boweyer,  in  eouDtries  where  hard  limeBtone  rocks  abound, 
th«E  inland  clitb  retain  faithfully  the  chitracters  which  they  acquired 
when  they  constituted  tbe  boundary  of  land  and  sea.  Thus,  in  the 
yiotti,  DO  less  than  three,  or  even  four,  ranges  of  what  were  once 
6e»-clifc  are  well  preserved.  These  have  been  described,  by  MM. 
Boblaye  and  Virlet,  as  rising  one  above  the  other  at  different  dis- 
luces  from  the  actual  shore,  the  summit  of  the  highest  and  oldest 
oeeuicHially  esceecUng  1000  feet  in  elevation.  At  the  base  of  each 
ibere  is  usually  a  terrace,  which  is  in  some  pUces  a  few  yards,  in 
others  above  300  yards  wide,  so  that  we  are  conducted  from  the  high 
lud  d  the  interior  to  the  sea  by  a  succession  of  great  steps.  These 
inluu]  cliffs  are  most  perfect,  and  most  exactly  resemble  those  now 
wubed  by  the  waves  of  the  Mediterranean,  where  they  are  formed 
ofcdcareous  rock,  especially  if  the  rock  be  a  hard  crystalline  marble. 
He  following  are  tbe  points  of  correspondence  observed  between  the 
uidest  coast  lines  and  the  borders  of  the  present  sea: —  1.  A  range 
of  vertical  precipices,  with  a  terrace  at  their  base.  2.  A  weathered 
'tue  of  tbe  surface  of  the  naked  rock,  such  as  the  spray  of  the  sea 
prodaces.  3.  A  line  of  littoral  caverns  at  the  foot  of  tbe  cliffs.  4.  A 
I'onwlidaled  beach  or  breccia  with  occasional  marine  shells,  fonnd  at 
Ibe  base  of  tbe  cliffs,  or  in  the  caves.     5.  Lithodomous  perforations. 

In  regard  to  the  first  of  these,  it  would  be  superfluous  to  dwell  on 
tlie  (videcce  afibrdedof  the  undermining  power  of  waves  and  currents 
bj  perpendicular  precipices.  The  littoral  caves,  also,  will  be  familiar 
10  those  who  have  had  opportunities  of  observing  tbe  manner  in 
which  the  waves  of  the  sea,  when  they  beat  against  rocks,  have 
power  to  scoop  ont  caverns.  As  to  the  breccia,  it  is  composed  of 
Jiieees  of  limestone  and  rolled  fragments  of  thick  solid  shell,  snch  as 
SlnmbuM  and  Spondylut,  all  bound  together  by  a  crystalline  cal- 
oreons  cement  Similar  a^regations  are  now  forming  on  the 
modem  beaches  of  Greece,  and  in  caverns  on  the  sea-side;  and  they 
irs  only  distinguishable  in  character  from  those  of  more  ancient 
dste,  by  including  many  pieces  of  pottery.  In  regard  to  the  litha- 
domi  above  alluded  to,  these  bivalve  mollusks  are  well  known  to 
liive  the  power  of  excavating  holes  in  the  hardest  limestones,  the 
!iie  of  the  cavity  keeping  pace  with  the  growth  of  the  shell.  When 
living  they  require  to  be  always  covered  by  salt  water,  bnt  similar 
pear-shaped  hollows,  containing  the  dead  shells  of  these  creatures, 
ut  fonnd  at  different  heights  on  the  face  of  the  inland  cliffs  above 
mentioned.  Thus,  for  example,  they  have  been  observed  near  Modon 
and  Navarino  on  clifis  in  tbe  interior  125  feet  high  above  the  Medi- 
tcnanean.  As  to  the  weathered  surface  of  the  calcareous  rocks,  all 
linwstimes  are  known  to  suffer  chemical  decomposition  when  moiateDed 
by  tlM  spray  of  the  salt  water,  and  are  corroded  still  more  deeply  at 
paints  lower  down  where  they  are  just  reached  by  the  breakers.  Sy 
this  action  the  stone  acquires  a  wrinkled  and  furrowed  outline,  and 
my  near  the  sea  it  becomes  rough  and  branching,  as  if  covered  with 
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co>«ls.  Such  effects  are  traced  not  onl^  on  the  present  shore,  but  H 
the  base  of  the  ancient  cUffs  far  in  the  interior.  LastJ.}',  it  remains 
onlj  to  speak  of  the  terraoes,  which  extend  with  a  gentle  slope  from 
the  base  of  almost  all  the  inland  cliffs,  and  ore  tor  the  most  part 
narrow  where  the  rock  is  hard,  but  sometimes  half  a  mile  or  more  in 
breadth  where  it  is  soft.  They  are  the  effects  of  the  encroachment 
of  the  ancient  sea  upon  the  shore  at  those  levels  at  which  the  land 
remained  for  a  long  time  stationary.  The  justness  of  this  view  is 
apparent  on  examining  the  stutpe  of  the  modern  shore  wherever  the 
sea  is  advancing  upon  the  land,  and  removing  annually  souill 
portions  of  undermined  rock.  By  this  agency  a  submarine  platform 
is  produced  on  which  we  may  walk  for  some  distance  from  the  beoclt 
in  shallow  water,  the  increase  of  depth  being  very  gradual,  until  we 
reach  a  point  where  the  bottom  plunges  down  suddenly.  This  plat- 
form is  widened  with  more  or  less  rapidity  according  to  the  hardnees 
of  the  rocks,  and  when  upraised  it  constitutes  an  inland  terrace. 

But  the  four  principal  lines  of  cliff  observed  in  the  Morea  do  not 
imply,  as  some  have  imagined,  four  great  eras  of  sudden  upheaval ; 
they  simply  indicate  the  kitermittence  of  the  upheaving  force,  fiad 
the  rise  of  the  land  been  continuous  and  uninterrupted,  there  would 
have  been  no  one  prominent  line  of  cliff;  for  every  portion  of  the 
surface  having  been,  in  its  turn,  and  for  on  equal  period  of  time,  a 
sea-shore,  would  have  presented  a  nearly  similar  aspect.  Bnt  if 
pauses  occur  in  the  procese  of  upheaval,  the  waves  and  currents  have 
time  to  sap,  throw  down,  and  clear  away  considerable  masses  of  rock, 
and  to  shape  out  at  several  successive  levels  lofty  ranges  of  clifis 
with  brood  terraces  at  their  base. 

There  are  some  levelled  spaces,  however,  both  oninent  andmodem, 
in  the  Moreo,  which  ore  not  due  to  denudation,  although  resembling 
in  outline  the  terraces  above  described.  They  may  be  called  Terracea 
of  Deposition,  since  they  have  resulted  from  the  gain  of  land  upon 
the  sea  where  rivers  and  torrents  have  produced  deltas.  If  the  sedi- 
mentary matter  has  filled  up  a  bay  or  gulf  surrounded  by  ateep 
mountains,  a  flat  plain  is  formed  skirting  the  inland  precipices  ;  and 
if  these  deposits  are  upraised,  they  form  a  feature  in  the  londscoiM 
very  similar  to  the  areas  of  denudation  before  described. 

I  have  seen  on  the  northern  coast  of  Sicily,  one  of  these  terraces 
of  deposition  in  the  environs  of  Palermo,  where,  as  in  Greece,  »  line 
of  limeshHie  cliffs  with  caverns  at  their  base  bounds  a  seaward- 
sloping  plain.  Proceeding  from  the  shore  inland,  we  find  the  plat- 
form, c,  fig,  93.,  a  mile  wide,  composed  of  marine  calcareous  strata,  the 
minority  of  the  embedded  shells  and  corals  being  of  living  species. 
We  next  arrive  at  a  precipitous  cliff  of  hippurite  limestone,  a,  in 
which  the  well-known  cave  of  San  Ciro,  b,  occurs,]30  feetlcmg,  50 
high,  and  30  wide.  Its  entrance  is  now  180  feet  above  the  sea;  but 
the  salt  water  must  at  one  time  have  entered  it,  for  the  walla  are 
drilled  for  a  height  of  several  yards  by  perforating  molluscs,  and  the 
bottom  of  the  cave  is  strewed  over  widi  a  thin  layer  of  sand,  la  which 
more  than  forty  species  of  seo-sfaelU,  nearly  all  of  species  now  liviog 
in  the  Mediterranean  have  been  found.    Since  the  sea  retired  a 
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eoDsiderKble  tbickoess  of  breccia  Lu  accumulated  over  the  sand  s 
u  to   conceal  from  view  the  lithodomoua  perrorations,  eicept  i. 


places  wfaera  these  kave  been  exposed  to  view  by  artificial  excara- 
tioDS.  Hie  breccia  is  composed  of  pieces  of  limestone,  quarts,  and 
scliist  ia  a  maUiz  of  brown  marl  through  which  land  sbdla  are  dis- 
pHied  together  with  bones  of  two  species,  «s  we  )eam  from  Dr. 
Falconer,  of  extinct  hippopotamus,  in  such  numbere  that  thej  must 
^re  belonged  to  several  hundred  individuals.  With  these  ore  asso- 
ciated the  remains  of  Elephas  autiquus  (a8  determined  h^  the  same 
o«leol<%i8t),aad  the  osseous  remains  of  Boa,  Cervus,  Sub,  UrBns,CaDiB, 
and  alaj^e  Felia.  Some  of  these  bones  have  beenrolled  as  if  partially 
tabgected  to  the  action  of  water,  and  the  whole  seem  to  have  been  in- 
trodoced  (perhaps  by  engulfed  sUwuns)  both  in  this  and  some  neigh- 
bonring  caverns  through  rents  in  the  hippurite  limestone,  which  must 
once  have  been  connected  with  the  surface  of  the  country  above,  at 
a  lime  when  the  physical  geography  of  the  region  was  extremely 
different  from  what  it  now  is,  and  when  rivers  freqneoted  by  the 
Lippopotamns  existed  where  now  no  running  water  is  to  be  found. 

Beaides  terraces  of  deposition  such  as  c,  fig.  93.,  above  alluded  to, 
there  are  also  in  Sicily  others  of  denudation.  One  of  these  occurs  on 
the  east  coast  to  the  north  of  Syracuse,  and  the  same  is  resumed  to 
the  south  beyond  the  town  of  >'oto,  where  it  may  be  traced  forming  a 
continuous  and  lofty  precipice,  a  b,  fig.  94.,  facing  towards  the  sea, 
and  coostitnting  the  abrupt  termination  of  a  calcareous  formation, 
which  extends  in  horizontal  strata  far  inland.  This  precipice  varies 
in  height  from  600  to  700  feet,  and  between  its  base  and  the  sea  ia  an 
inferior  {Jatform,  e  b,  consisting  of  similar  white  limestone.  All  the 
Leds  dip  towards  the  sea,  but  are  usually  inclined  at  a  very  slight 
angle  :  they  are  aeen  to  extend  uninterruptedly  from  the  base  of  the 
escarpment  into  the  platform,  showing  distinctly  that  the  lofty 
cliff  was  not  produced  by  a  fault  or  vertical  shift  of  the  beds,  but 
by  the  removal  of  a  considerable  mass  of  rock.  Hence  we  may 
conclude  that  the  sea,  which  is  now  undeimining  the  cliffs  of  the 
Sicilian  coast,  reached  at  some  former  period  the  base  of  the  pre- 
cipue  a  b,  at  which  time  the  surface  of  the  terrace  e  b  must  have 

■  Dr.  Chmtie,  Eiiln.  Tfcvr.  Ph[l.  Jooro, 
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been  coiered  by  the  Mediterranean.  There  was  a  pause,  therefiirc. 
in  the  upward  movement,  when  the  waves  of  the  sea  had  time  to 
carve  out  the  plBtform  c  t ;  but  there  maj  have  been  many  other 
etatiooary  periods  of  minor  duration.  Suppose,  for  esample,  that  a 
aeries  of  escarpments  e,/,  g,  k,  once  existed,  and  that  the  sea,  during 
a  long  interval  free  from  subterranean  movements,  advances  along 
the  line  e  b,  all  preceding  cliffs  must  have  been  swept  away  one  after 
the  other,  and  reduced  to  the  single  precipice  a  b. 

That  such  a  series  of  smaller  clifid,  as  those  represented  at  e,^  g,  h, 
fig.  94.,  did  really  once  exist  at  intermediate  heights  in  place  of  the 
single  precipice  a  b,  is  rendered  highly  probable  by  the  fact,  that  in 
i%rtain  bays  and  inland  valleys  opening  towards  the  east  coast  of 
Sicily,  and  not  far  from  the  section  given  in  fig.  94.,  the  solid  lime- 
stone is  shaped  out  into  a  great  succession  of  ledges,  separated  from 
each  other  by  smalt  vertical  cliffs.     These  are  sometimes  so  nume- 


rous, one  above  the  other,  that  where  there  is  a  bend  at  the  head  of  a 
valley,  thej  produce  an  effect  singularly  resembling  the  seats  of  a 
Roman  amplii theatre.  A  good  example  of  this  configuration  occurs 
near  the  town  of  Melilti,  as  seen  in  the  an.nexed  view  (fig.  95.).  In 
the  south  of  the  island,  near  Spaccafomo  Scicli,  and  Modicn,  pre<;i- 
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pilous  rocks  of  white  limestone,  ascendiDg  to  the  height  of  dOO  feet, 
hare  been  carved  out  iato  similar  forms. 

This  appeuaoce  of  a  range  of  marble  seats  circling  round  tlie 
held  of  a  valley,  or  of  great  flights  of  steps  descending  from  the  top 
to  the  bottom,  on  the  opposite  sides  of  agorge,  may  be  accounted  for, 
i»  already  hinted,  by  supposing  the  sea  to  have  stood  successiTelj'  at 
nuutj  different  levels,  as  at  a  a,  A  i,  c  (^  in  the  accompanying  fig.  96. 
But  the  causes  of  the  gradual  contraction  of  the  valley  from  above 
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downwards  may  still  be  matter  of  speculation.  Such  contraction 
niay  be  due  to  the  greater  force  exerted  by  the  wavea  when  the  land 
St  its  first  emergence  was  smaller  in  quantity,  and  more  exposed  to 
denudation  in  an  open  sea  ;  whereas  the  wear  and  tear  of  the  rocks 
might  diminish  in  proportion  as  this  action  became  confined  within 
hays  or  cbannels  closed  in  on  two  or  three  sides.  Or,  secondly,  the 
wparate  movements  of  elevation  may  have  followed  each  other  more 
rapidly  as  the  land  continued  to  rise,  so  that  the  times  of  those  pauses, 
during  which  the  greatest  denudation  was  accomplished  at  certain 
lerela,  were  always  growing  shorter.  It  should  be  remarked,  that 
the  cliffs  and  small  terraces  are  rarely  found  on  the  opposite  sides  of 
the  Sicilian  valleys  at  heights  so  precisely  answering  to  each  other  as 
those  given  in  fig.  96.,  and  this  might  have  been  expected,  to  which- 
ever of  the  two  Hypotheses  above  explained  we  incline;  for,  accord- 
ing to  the  direction  of  the  prevailing  winds  and  currents,  the  waves 
may  beat  with  unequ^  force  on  different  parts  of  the  shore,  so  that 
while  no  impression  ia  made  on  one  side  of  a  bay,  the  sea  may  en- 
rroach  so  far  on  the  other  as  to  unite  several  smaller  cliffs  into  one. 

Before  quitting  the  subject  of  ancient  sea-cliffs,  carved  out  of 
limestone,  I  shall  mention  the  range  of  precipitous  rocks,  composed 
of  a  white  marble  of  the  Oolitic  period,  which  I  have  seen  near  the 
northern  gate  of  St.  Mihiel  in  France.  They  are  situated  on  the 
right  bank  of  the  Meuse,  at  a  distance  of  200  miles  ^m  the  nearest 
»»,  and  they  present  on  the  precipice  facing  the  river  three  or  four 
horizontal  grooves,  ene  above  the  other,  precisely  resembling  those 
which  are  scooped  ont  by  the  undermining  waves.  The  summits  of 
several  of  these  masses  are  detached  from  the  a^oining  hill,  in 
which  case  the  grooves  pass  all  round  them,  facing  towards  all  points 
of  the  compass,  as  if  they  had  once  formed  rocky  islets  near  the 
shore." 

*  I  wu  directed  by  M.  Deihsyei  lo  liiii  spot,  which  I  viutad  in  Jane,  lS3a 
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CapUin  Bayfield,  in  his  survey  of  the  Gnlf  of  St  Lawrence,  dw- 
covered  in  eeverst  places,  especially  in  the  Mingaa  iaUads,  a  coun- 
terpart of  the  inland  cliffs  of  St.  Mihiel,  and  traced  a  succession  of 
shingle  beaches,  one  above  the  other,  which  agreed  in  their  level 
with  some  of  the  principal  grooves  scooped  out  of  the  bmestone 
pillars.  These  beaches  oonsisled  of  calcareoos  shingle,  with  shells  of 
recent  species,  the  farthest  from  the  shore  being  60  feet  above  tht> 
level  of  the  highest  tides.  la  addition  to  the  drawings  of  the  pillars 
called  the  flower-pots,  which  he  has  published*,  I  have  been  favoured 
with  other  views  of  rocks  on  the  same  coast,  drawn  by  Lieut.  A. 
BoweD,R.N.    (See  fig.  97.) 

Fl|.». 


In  the  North-American  beaches  above  mentioned  rounded  frag< 
inents  of  limestone  have  been  found  perforated  by  htkodomi;  and 
holes  drilled  by  the  same  mollusks  have  been 'detected  in  the 
columnar  rocks  or  "  llower-pots,"  showing  that  there  has  been  no 
great  amount  of  Atmospheric  decomposition  on  the  surface,  or  the 
cavities  alluded  to  would  have  disappeared. 

We  have  an  opportuoit;  of  seeing  in  the  Bermuda  islands  the 
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manner  in  which  the  waves  of  the  Atlantic  have  worn,  and  are  now 
wearing  out,  deep  smooth  hollows  on  every  side  of  projecting  masses 
of  hflrd  limestone.     In  the  annexed  drawing,  communicated  to  me 
■  See  Tram,  of  Gcol.  Soc,  lecond  scrici,  toL  v.  plate  r. 
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bjCapt.  Kelacoi,  B.K,  the ezcRvatioiis  c,  c,  e,  hare  been  scooped  out 
b/  the  waves  in  ■  stone  of  very  modem  date,  which,  although  ex- 
tremely hftrd,  is  full  of  reoent  conls  and  shells,  some  of  which  retain 
tfaeir  Golonr. 

WlteD  the  forms  of  these  homontal  grooves,  of  which  the  surface 
is  sometimea  smooth  and  almost  polished,  aud  the  roofs  of  which 
oAen  overhang  to  the  extent  of  5  feet  or  more,  have  been  care- 
fully studied  by  geologists,  they  will  serve  to  testify  the  former 
actioo  of  the  waves  at  innumerable  points  far  in  the  interior  of  the 
cDDdnents.  But  we  must  learn  to  di^tlngaish  the  indentatiooa  due 
to  the  original  action  of  the  sea,  and  those  caused  by  subsecjQent 
cbemieal  decomposition  of  calcareous  rocks,  to  which  they  are  liable 
in  the  abnospheie. 

I  sliaU  conclude  with  %  warning  to  beginners  not  to  feel  surprise 
if  tbey  cm  detect  no  evidence  of  the  former  sojourn  of  the  sea  on 
l«inl«  which  we  are  nevertheless  sure  have  been  submerged  at  periods 
comparatively  modem ;  for  notwithstanding  the  enduring  nature  of 
the  marks  left  by  littoral  action  on  calcareous  rodcs,  we  can  by  no 
means  detect  sea-beaches  and  inland  cliffs  everywhere,  even  in  Sicily 
and  the  Morea.  On  the  contrary,  they  are,  upon  the  whole,  ex- 
tmoely  partial,  and  are  often  entirely  wanting  in  districts  composed 
r>f  argillaceous  and  sandy  formations,  which  must,  nevertheless,  have 
been  upheaved  at  the  same  time,  and  by  the  same  intermittent  move- 
ments, aa  the  a^oining  calcareous  rocb. 


CHAPTER  vn. 


jUlDTnnn  described — Dae  to  complicated  caiues — Of  variooi  sgai,  u  shoirn  in 
Anrargnc — How  diatingiuabsd  from  rocki  in  tilu — Sand  pipes  in  chatk — Ai- 
laTial  tcnacM  CMwed  bj  oKillations  in  the  level  of  Und. 

Betweex  the  snperfidal  covering  of  vegetable  mould  and  the  sub- 
jacent rock  there  usually  intervenes  in  every  district  a  deposit  of 
loose  gravel,  suid,  and  mud,  to  which  the  name  of  alluvium  has 
been  applied.  The  term  ia  derived  from  alluvio,  an  inundation,  or 
aOmo,  to  wash,  because  the  pebbles  and  sand  commonly  resemble 
tboee  of  a  river's  bed  or  the  mud  and  gravel  washed  over  low  lands 
by  a  flood. 

A  partial  covering  of  such  alluvium  is  found  alike  in  all  climates, 
from  the  equatorial  to  the  polar  regions ;  but  in  the  higher  latitudes 
of  Europe  and  Mortb  America  it  assumes  a  distinct  character,  being 
very  frequently  devoid  of  stratification,  and  containing  huge  frag- 
ments of  rock,  some  angular  and  others  rounded,  which  have  be«i 
transported  to  great  distances  from  their  parent  moantains.  When 
it  presents  itself  in  this  form,  it  has  been  called  "  diluvium,"  "  drift,' 
or  tlw  ■'  boulder  formation ; "  aud  its  probable  connexion  with  the 
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agency  ot  floating  ice  and  glaciers  will  be  treated  of  more  pulicnlarly 
in  ilie  eleventh  and  twelftli  chapiera. 

The  student  will  be  prepared,  bj  what  I  have  said  in  the  last 
chapter  on  denudation,  to  hear  that  loose  gravel  and  sand  are  often 
■net  with,  not  onlj  on  the  low  grounds  bordering  rivers,  but  also  at 
rarioua  points  on  the  sides  or  even  summita  of  mountains.  For,  in 
the  course  of  those  changes  in  physical  geography  which  may  take 
place  during  the  gradual  emergence  of  tlie  bottom  of  the  sea  and  its 
conversion  into  dry  land,  any  spot  may  either  have  been  a  sunken 
reef,  or  a  bay,  or  estuarj',  or  sea-shore,  or  the  bed  of  a  river.  The 
drainage,  moreover,  may  have  been  deranged  ^ain  and  again  by 
earthquakes,  during  which  temporary  lakes  are  caused  by  landslips, 
and  partial  deluges  occasioned  by  the  bursting  of  the  barriers  of  such 
lakes.  For  this  reason  it  would  be  unreasonable  to  hope  that  we 
should  ever  be  able  to  account  for  all  the  alluvial  phenomena  of  each 
particular  country,  seeing  that  the  causes  of  their  origin  are  so  various. 
Besides,  the  last  operations  of  water  have  a  tendency  to  disturb  and 
confound  together  all  pre-existing  alluviums.  Hence  we  are  always 
in  danger  of  regarding  as  the  work  of  a  single  era,  and  the  effect  of 
one  cause,  what  has  in  reality  been  the  result  of  a  variety  of  distinct 
agents,  during  a  long  succession  of  geological  epochs.  Much  useful 
instruction  may  therefore  be  gained  from  the  exploration  of  a  country 
like  Auvergne,  where  the  superficial  gravel  of  very  different  ems 
happens  to  have  been  preserved  by  sheets  of  lava,  which  were 
poured  out  one  after  the  other  at  periods  when  the  denudation,  and 
probably  the  upheaval,  of  rocks  were  in  progress.  That  region  had 
already  acquired  in  some  degree  its  present  configuration  before  any 
volcanoes  were  in  activity,  and  before  any  igneous  matter  was  super- 
imposed upon  the  granitic  and  fossiliferous  formations.  The  pebbles 
therefore  in  the  older  gravels  are  exclusively  constituted  of  granit4; 
and  other  aboriginal  rocks ;  and  afterwards,  when  volcanic  vents 
burst  forth  into  eruption,  those  earlier  alluviums  were  covered  by 


LiTAt  of  Ai3Tsrgn«  mtlDC  on  ilLuTiiudi  nrdUhnot  iiffH. 

streams  of  lava,  which  protected  them  from  intermixture  with  grave' 
of  subsequent  date.  In  the  course  of  ages,  a  new  system  of  valleys 
was  excavated,  so  that  the  rivers  ran  at  lower  levels  than  those  at 
which  the  first  alluviums  and  sheets  of  lava  were  formed.  When, 
therefore,  Ireah  eruptions  gave  rise  to  new  lava,  the  melted  matter 
was  poured  out  over  lower  grounds  ;  and  the  gravel  of  these  plains 
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differed  from  the  first  or  uplaod  alluvium,  b;  containing  in  it  rounded 
fngmeala  of  vftHous  volcanic  rocks,  and  often  bones  belonging  to 
disdact  gToaps  of  land  animals  which  flourished  in  the  country  in 


The  annexed  drawing  will  explain  the  different  heights  at  which 
beds  of  lava  and  gravel,  each  distinct  from  the  other  in  composition 
ud  tgc  are  observed,  some  on  the  flat  tops  of  hills,  700  or  BOO  feet 
bi^b,  others  on  the  slope  of  the  sacne  bills,  and  the  newest  of  all  in 
the  channel  of  the  existing  river  where  there  is  usually  gravel  alonR. 
bat  in  some  cases  a  narrow  stripe  of  solid  lava  sharing  the  bottom  of 
the  vall^j  with  the  river.  In  all  these  accumnlationa  of  transported 
aatter  of  different  ages  the  bones  of  extinct  mammalia  have  been 
found  belonging  to  assemblages  of  land  quadrupeds,  which  flourislied 
ia  the  country  in  succession,  and  which  vary  specifically,  the  oue  set 
from  the  other,  in  a  greater  or  less  degree,  in  proportion  as  the  time 
vhich  separated  their  entombment  has  been  more  or  less  protracted. 
He  streams  in  the  eame  district  are  stilt  undermining  their  banks  and 
grin^ng  down  into  pebbles  or  sand,  columns  of  basalt  and  frag- 
ments of  granite  and  gneiss ;  hut  portions  of  the  older  alluviums,  with 
tte  fossil  remains  belongiug  te  them,  are  prevented  from  being  mingled 
with  the  gravel  of  recent  date  by  the  cappings  of  lava  before  mentioned. 
Bat  for  the  accidental  interference,  therefore,  of  this  peculiar  cause, 
iD  the  alluviums  might  have  passed  so  inseusibly  tbe  oue  into  the 
other,  that  those  formed  at  the  remotest  era  might  have  appeared 
of  the  same  date  as  the  newest,  and  the  whole  formation  might  hare 
been  regarded  by  some  geologists  as  the  result  of  one  sudden  and 
Tiolent  catastrophe. 

bt  almost  every  country,  tbe  alluvium  consists  in  its  upper  part  of 
tnuisported  tnaterials,  but  it.  often  passes  downwards  into  a  mass  of 
broken  and  angular  fragments  derived  from  the  subjacent  rock.  To 
this  mass  the  provincial  name  of  "  rubble,"  or  "  brash,"  is  given  in 
mwy  parts  of  England.  It  may  be  referred  to  the  weathering  or 
disintegration  of  stone  on  tbe  spot,  tbe  effects  of  air  and  water,  sun 
ind  frost,  and  chemical  decomposition. 
The  inferior  surface  of  alluvial  deposits  is  often  very  irregular, 
o  all  the  inequalities  of  the  fundamental  rocks  (fig.  100.). 
i.  ISO.  Occasionally,    a    small   mass,    as   at  e, 

appears  detached,  and  as  if  included  in 
the  subjacent  formation.  Such  isolated 
portions  are  usually  sections  of  winding 
subterranean  hollows  filled  up  with  allu- 
vimn.  They  may  have  been  the  courses 
of  springs  or  subterranean  streamlets, 
which  have  flowed  through  and  enlarged 
natural  rents ;  or,  when  on  a  small  scale 
1  in  soft  strata,  they  may  be  spaces 

I.  which  the  roots  of  large  trees  have  once 

,  ippvwir  deuchtd.  occupied,  gravel  and  sand  having  been 
iatiodDced  after  their  decay. 
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Bnt  there  are  other  deep  hollows  or  a  cylindrical  fgrm  found  in 
England,  France,  and  elsewhere,  penetrMing  the  white  chalk,  uid 
filled  with  sand  and  gravel,  which  are  not  so  readily  explained, 
'ihey  are  sometimes  called  "  sand^pipes,"  or  "  aand-galla,"  and  "  puiu 
naturels,"  in  France.     Those  represented  in  the  annexed  cut  wero 


obserred  by  me  in  1839,  laid  open  in  a  large  chalk-pit  near  Xorwicb. 
They  were  of  very  symmetrical  form,  the  largest  more  than  12  feet 
in  diameter,  and  some  of  them  had  been  traced,  by  boring,  to  the 
ilepth  of  more  than  60  feet.  The  smaller  ones  Taried  from  a  few 
inches  to  a  foot  in  diameter,  and  seldom  descended  more  than  1 2  feet 
below  the  surface.  Even  where  three  of  them  occurred,  as  at  a, 
fig.  101.,  very  close  together,  the  parting  walls  of  soft  white  chalk 
were  not  broken  through.  They  all  taper  downwards  and  end  in  a 
point.  As  a  general  rule,  sand  and  pebbles  occupy  the  central  parts 
of  each  pipe,  while  the  sides  and  bottom  are  lined  with  clay. 

Mr.  Trimmer,  in  speaking  of  appearances  of  the  same  kind  in  the 
Kentish  chalk,  attributes  the  origin  of  such  "sand-galls"  to  ih" 
action  of  the  sea  on  a  beach  or  shoal,  where  the  waves,  charge<l 
with  shingle  and  sand,  not  only  wear  out  longitudinal  furrows,  such 
as  may  be  observed  on  the  surface  of  the  above-mentioned  chalk  near 
Horwich  when  the  incumbent  gravel  is  removed,  but  also  drill  deep 
circular  hollows  by  the  rotatory  motion  imparled  to  sand  and  pebbles. 
Such  furrows,  as  well  as  vertical  cavities,  are  now  formed,  he  observes, 
on  the  coast  where  the  shores  are  composed  of  chalk.* 

That  the  commencement  of  many  of  the  tubular  cavities  now  ander 
consideration  has  been  due  t«  the  cause  here  assigned,  I  have  little 
doubt.  But  such  mechanical  action  could  not  have  hollowed  out  the 
whole  of  the  sand-pipes  e&oid,  fig.  101.,  because  several  large  chalk 
flints  seen  protruding  from  the  walls  of  the  pipes  have  not  been 
eroded,  while  sand  and  gravel  have  penetrated  many  feet  belo^  them. 
In  other  cases,  as  at  &  6,  similar  unrounded  nodules  of  flint,  still 
preserving  their  irregular  form  and  white  coating,  are  fotind  U 
*  "nimmer,  rnce«dings  of  GeoL  Soc  vol  iv.  p.  T-  1841. 
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nrmu  deptlu  in  the  midst  of  the  loose  materiftb  Silitig  ths  pipe. 
Hiese  hAve  eTidentlf  been  detached  from  regular  Uyera  of  flints  oc- 
cuiriitg  abore.  It  is  also  to  be  remarked  that  the  course  of  the  same 
sand-pipe,  6  i,  is  traceable  above  tbe  level  of  Ae  chalk  for  some 
distance  upwards,  through  the  incumbent  gravel  and  sand,  hy  tbe 
obliteration  of  all  signs  of  stratification.  Occasionally,  also,  as  in 
ibe  pipe  d,  the  overlying  beds  of  gravel  bend  downwards  into  tbe 
inoath  of  the  pipe,  so  as  to  become  in  part  vertica],  as  would  happen 
if  horiioatal  lajers  had  sunk  gradually  in  consequence  of  a  failure  of 
sapport.  Ail  these  phenomena  may  be  accoonted  for  by  attributing 
ibe  enlargement  and  deepening  of  the  sand-pipes  to  the  chemical 
nctico  of  water  charged  with  carbonic  acid,  derived  from  the  vegetable 
nil  ud  the  decaying  roots  of  trees.  Sach  acid  might  corrode  the 
chalk,  and  deepen  indefinitely  any  previoasly  existing  hollow,  but 
could  not  dissolve  the  flints.  The  water,  after  it  had  become  saturated 
with  sarbonate  of  lime,  might  freely  percolate  the  aurroanding  porous 
nils  <f  chalk,  and  escape  throngh  them  and  from  the  bottom  of  the 
tube,  M  as  to  carry  away  in  the  course  of  time  large  masses  of 
dissrived  calcareous  rock*,  and  leave  behind  it  on  the  edges  of  each 
tibnlar  hollow  a  coating  of  fine  clay,  which  the  white  chalk  contains. 
I  hare  seen  tubes  precisely  similar  and  from  1  to  5  feet  in  diameter 
tUTeniiig  vertically  the  upper  half  of  the  soil  calcareous  bnilding 
lone,  or  chalk  -without  flints,  constituting  St  Peter's  Mount,  Maes- 
tricbt.  These  hollows  are  filled  with  pebbles  and  clay,  derived  from 
o'BrlTiDg  beds  of  gravel,  and  all  terminate  downwards  like  those 
rf  NorTolL  I  was  informed  that,  6  miles  from  M aestricht,  one  of 
iIkm  pipes,  2  feet  in  diameter,  was  traced  downwards  to  a  bed  of 
flattened  flints,  forming  an  almost  continuous  layer  in  tbe  chalk. 
ReiE  it  terminated  abruptly,  but  a  few  small  root-like  prolongations 
iif  it  were  detected  immediately  below,  probably  where  tbe  dissolving 
^bstance  had  penetrated  at  some  points  through  openings  in  tbe 
nliceoDs  mass. 

It  is  not  so  easy  as  may  at  first  appear  to  draw  a  clear  line  of 
^ioction  between  the  _fixed  rocks,  or  regular  strata  (rocks  m  titu 
nr  m  phee\  and  allnvium.  If  the  bed  of  a  torrent  or  river  be  dried 
"p,  we  call  the  gravel,  sand,  and  mod,  left  in  their  channels,  or 
'halever,  during  floods,  they  may  have  scattered  over  the  neighbour- 
fg  pUns,  allainum.  The  very  same  materials  carried  into  a  lake^ 
"here  tfaey  become  sorted  by  water  and  arranged  in  more  distinct 
lijCTs,  especially  if.t^ey  inclose  the  remains  of  plants,  shells,  or  other 
fiMtiis,  are  termed  regular  strata. 

lo  hke  manner  we  may  sometimes  compare  the  gravel,  sand,  and 
'rDken  shells,  strewed  along  the  path  of  a  rapid  marine  current,  with 
»  Jeposit  formed  contemponineously  by  the  discharge  of  similar  ma- 
'^'ub  year  after  year,  into  a  deeper  and  more  tranquil  part  of  the 
■^  In  such  cases,  when  we  detect  marine  shells  or  other  organic 
rcnuuns  entombed  in  the  strata  which  enable  us  to  determine  their 

*  Sm  Ljtfl  OD  Saud-jripei,  &c..  Fhil  Mag.,  ibiid  aeries,  vd.  xv.  p.  SS7„  Oct.  183B. 
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age  and  mode  of  origin,  we  regard  them  aa  part  of  the  regular  series 
of  fossiliferous  formations,  whereaji,  if  there  ore  no  foseile,  wa  have 
frequently  no  power  of  separating  them  from  the  general  mass  of 
superficial  alluvium. 

The  usual  rarity  of  organic  remains  in  beds  of  loose  gravel  is  partly 
owing  to  the  friction  which  originally  ground  down  rocks  into  pebbles, 
or  sand,  and  organio  bodies  into  small  fragments,  and  it  is  partly  owii^ 
to  the  porous  nature  of  alluvinm  when  it  has  emerged,  which  allows 
the  free  percolation  through  it  of  rain-water,  and  promotes  the  de- 
composition and  solution  of  fossil  remains. 

It  has  long  been  a  matter  of  common  observation  that  most  rivers 
are  now  cutting  their  channels  through  alluvial  deposits  of  greater 
depth  and  extent  than  could  ever  have  been  formed  by  the  present 
streams.  From  this  fact  a  rash  inference  has  sometimes  been  drawn, 
that  rivers  in  general  have  grown  smaller,  or  become  less  liable  to  be 
flooded  than  formerly.  But  such  phenomena  would  be  a  natural  result 
of  considerable  oscillations  in  the  level  of  the  land  experienced  since 
the  existing  valleys  originated. 

Suppose  part  of  a  continent,  comprising  witbiu  it  a  large  hydro- 
graphical  basin  like  that  of  the  Mississippi,  to  subside  several  inches 
or  feet  in  a  century,  as  the  west  coast  of  Glreenland,  extending  600 
miles  north  and  south,  has  been  sinking  for  three  or  four  centuries, 
between  the  latitudes  60°  and  69°  N.  •  It  will  rarely  happen  that 
the  rate  of  subsidence  will  be  everywhere  equal,  and  in  many  cases 
the  amount  of  depression  in  the  interior  will  regularly  exceed  that  of 
the  region  nearer  the  sea.  Whenever  this  happens,  the  fall  of  the 
waters  flowing  from  the  upland  country  will  be  diminished,  and  each 
tributary  stream  will  have  less  power  to  carry  its  sand  and  sediment 
into  the  main  river,  and  the  main  river  less  power  to  convey  its 
annual  burden  of  transported  matter  to  the  sea.  All  the  rivers,  there- 
fore, will  proceed  to  fill  up  partially  their  ancient  channels,  and, 
during  frequent  inundations,  will  raise  their  alluvial  plains  by  new 
deposits.  If  then  the  same  area  of  land  be  agfun  upheaved  to  its 
former  height,  the  fall,  and  consequently  the  velocity,  of  every  river 
will  begin  to  augment.  Each  of  them  will  be  less  given  to  overflow 
its  alluvial  plun ;  and  their  power  of  carrying  earthy  matter  sea- 
ward, and  of  scouring  out  and  deepening  their  channels,  will  be 
sustained  till,  after  a  lapse  of  many  thousand  years,  each  of  them 
has  eroded  a  new  channel  or  valley  through  a  fluviatUe  formation 
of  comparatively  modern  date.  The  surface  of  what  waa  once  the 
river-plain  at  the  period  of  greatest  depression,  will  then  remain  fring- 
ing the  valley-sides  in  the  form  of  a  terrace  apparently  flat,  but  in 
reality  sloping  down  with  the  general  inclination  of  the  river.  Every- 
where this  terrace  will  present  cliffs  of  grave!  and  sand,  facing  tiw 
river.  That  such  a  series  of  movements  has  actually  taken  place  in  tlie, 
main  valley  of  the  Mississippi  and  in  its  tributary  valleys  during  oscil- 
lations of  level,  I  have  endeavoured  to  show  in  my  description  of  that 
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coDDtiy*  ;  and  the  freshwater  shells  of  existing  species  and  boaes  of 
land  qnadrapeds,  partly  of  extinct  raceB,  preserved  in  the  terraces  of 
flaviuite  origin,  attest  the  exclusion  of  the  sea  during  the  whole 
process  of  tilling  up  and  partial  re-excavation. 

Soch  terraces  are  the  converse  of  those  mentioned  at  p.  80.,  fig.  99., 
where  the  uppermost  of  the  series  is  formed  of  alluvium  of  oldest 
due,  which  originated  long  before  the  valley  had  attained  its  actual 
vldih  and  depth. 

•  Second  Ti^  to  tbe  U.  S.  voL  ii.  cbap.  M. 
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CHAPTER  Vin. 

OBfiOHOLOGICU.  CLiLBBlFlOATIOEt  OF  ROOKS. 

Aqmoiu,  plotonic,  Toleaok,  mi  meumoipliic  rocki,  eontidered  chnmalogicilly— 
Lehmaa'i  dirinoa  into  primitive  aud  lecondaiy — Wemer*!  wJditioD  of  ft  tmi- 
titiDn  clttM  —  Neptdniaa  liaorj — BnCtiin  oa  ignaoiu  origin  of  ijnuiite — Hoir 
the  DiuiiB  of  primaiy  wu  Mill  ntuned  for  gnnite — His  term  **  tranilcioii,"  viif 
fiuiUy  —  Thi  adherence  to  (lie  old  ehronoli^icsl  uomenclatoro  ret&rded  tbs 
prognm  of  geologj — New  hTpothesii  iHTenled  to  recondla  the  igneooi  origiR 
of  gnuiite  lo  the  noticm  of  iti  higji  antiquity — HxplauatioD  of  tb«  chronological 
DOmeDclanira  adopted  In  thia  wo'k,  ao  fai  as  regacda  primary,  aecondaty,  and 
tertiary  peiioda. 

In  the  firsc  chapter  it  was  stated  that  the  foar  great  classes  of  rocks, 
the  aqueous,  the  volcanic,  the  plutanic,  and  the  metamorphic,  would 
each  be  conaidered  not  only  in  reference  to  their  mineral  characters 
and  mode  of  origin,  but  also  to  their  relative  age.  In  regard  to  the 
aqueous  rocks,  we  have  already  seen  that  they  are  stratjlied,  thai 
some  are  calcareous,  others  ai^llaceous  or  siliceous,  some  made  up 
of  sand,  others  of  pebbles;  that  some  contain  freahtrater,  others 
marine  fossils,  and  so  forth ;  but  the  student  has  still  to  learo  which 
rocks,  exhibiting  sosae  or  aU  of  these  characters,  have  originated  at 
one  period  of  the  earth's  history,  and  which  at  another. 

To  determine  this  point  in  reference  to  the  fossiliferous  form&tioDS 
is  more  easy  than  in  any  other  class,  and  it  is  therefore  the  most  cod- 
venient  and  natural  method  to  begin  by  establishing  a  chronology  for 
these  strata,  and  then  to  refer  as  far  as  possible  to  the  same  divisions, 
the  several  groups  of  plutonic,  volcanic,  and  metamorphic  rocks. 
Such  a  system  of  classification  ia  not  only  recommended  by  its  greater 
clearnesa  and  facility  of  application,  but  is  ^so  best  fitted  to  strike 
the  imagination  by  bringing  into  one  view  the  contemporaneous  rero- 
lutioDB  of  the  inorganic  and  organic  creations  of  former  times.  For 
the  sedimentary  formations  are  most  readily  distinguished  by  the 
different  species  of  fossil  animals  and  plants  which  they  inclose, 
and  of  which  one  assemblage  after  another  has  flourished  oad  then 
disappeared  from  the  earth  in  succession. 

But  before  entering  specially  on  the  eubdivisions  of  the  tiqueous 
rocks  arranged  according  to  the  order  of  time,  it  wilt  be  desirable  to 
say  &  few  words  on  the  chronology  of  rocks  in  general,  although  in 
doiqg  so  we  ahsll  be  unavoidably  led  to  allude  to  some  classes  of 
phenomena  which  the  beginner  must  not  yet  expect  fully  to  com- 
prehend. 

It  was  for  many  years  a  received  opinion  that  the  formation  of 
entire  families  of  rocks,  such  as  the  plutonic  and  those  cryatalliDe 
schists  spoken  of  in  the  first  chapter  as  metamorphic,  begnn  and 
ended  before  any  members  of  the  aqueous  and  Tolcftnic  orders  were 
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piodiMed;  and  altboagh  this  id«t  has  long  been  modified,  imd  is 
neuij  exploded,  it  will  be  necessary  to  give  Bome  account  of  the 
ancient  doctrine^  in  order  that  beginners  may  undenrtand  whence 
man7  preTailing  opinions,  and  some  part  of  the  nomenclature  of 
geoiogj,  BtiU  partiallj  in  use^  wad  derived. 

About  the  middle  of  the  last  century,  Lehman,  a  German  miner, 
proposed  to  diTide  rocks  into  three  claMea,  the  first  and  oldest  to  be 
called  pfimitire,  comprising  the  hypogene,  or  plutonic  and  metamor- 
phic  rocks;  the  next  to  be  termed  secondary,  comprehending  the 
aqneoQs  or  fossiliferoas  strata;  and  the  reminder,  or  third  class, 
oOTTesponding  to  our  allavium,  ancieot  and  modem,  wbich  he  referred 
to  "  local  floods,  and  the  deluge  of  Noah."  In  the  primitive  class,  he 
said,  sach  as  granite  and  gneiss,  there  are  no  organic  remains,  nor 
any  signs  of  materials  derived  from  the  ruins  of  pre-existing  rocks. 
Tbeir  origin,  therefore,  msy  have  been  purely  chemical,  antecedent 
to  the  creation  of  living  beings,  and  probably  coeval  with  the  birth  of 
the  world  itself  The  secondary  formations,  on  the  contrary,  which 
often  contain  sand,  pebbles,  and  organic  remains,  must  have  been 
nteehanical  deposits,  produced  after  the  planet  had  become  the  h^i- 
tation  of  animals  and  plants.  This  bold  generalisation,  although  an- 
ticipated in  smne  measure  bj  Steno,  a  century  before,  in  Italy, 
formed  at  the  lame  an  important  step  in  the  progress  of  geology,  and 
sketched  out  correctly  some  of  the  leading  divisions  into  which  rocks 
may  be  separated.  About  half  a  centory  later,  Werner,  so  justly 
celebrated  for  his  improved  methods  of  discriminating  the  mineralo- 
gical  characters  of  rocks,  attempted  to  improve  Lehman's  classification, 
and  with  this  view  intercalated  a  class,  called  by  him  "  the  transition 
formationa,"  between  the  primitive  and  secondary.  Between  these 
last  be  had  discovered,  in  northern  Germany,  a  series  of  strata, 
which  in  their  mineral  peculiarities  were  of  an  intermediate  character, 
partaking  in  some  d^iee  of  the  crystalline  nature  of  micaceous  schist 
and  clay-slate,  and  yet  exhibiting  here  and  there  signs  of  a  mecbani- 
cal  origin  and  organic  remains.  For  this  group,  tlierefore,  farming  a 
paaoage  between  Lehman's  primitive  and  secondary  rocks,  the  name 
odbergang  or  transition  was  proposed.  They  consisted  principally 
of  clay-fllate  and  an  argillaceous  sandstone,  called  granwaclie,  and 
partly  of  cdcareoos  beds.  It  happened  in  the  district  which  Werner 
first  inresligated,  that  both  the  primitive  and  transition  strata  were 
highly  inclined,  while  the  beds  of  the  newer  fosailiferous  rocks,  the 
seeondnry  of  Lehman,  were  horiconlal.  To  these  latter,  therefore, 
he  gave  the  name  of  JISlz,  or  "  a  level  floor;"  and  every  deposit  more 
modem  than  the  chalk,  which  was  classed  as  the  uppermost  of  the 
fidt2  aeries,  was  designated  "the  overflowed  land,"  an  expression  whicii 
may  be  regarded  as  equivalent  to  alluvium,  although  under  this  appel- 
latkm  were  confounded  sU  the  strata  afterwards  called  tertiary,  of 
which  Werner  had  scarcely  any  knowledge.  As  the  followers  of 
Werner  soon  discovered  that  the  inclined  position  of  the  "transition 
beds,"  and  the  honzontslity  of  the  flota,  or  newer  fosailiferous  struts, 
were  mere  local  accidents,  they  soon  abandoned  the  term  flotz ;  and 
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the  ftyar  dividons  of  the  Wemeriaa  acho<J  were  then  nttmed  primitiTe^ 
tninaition,  Becondary,  and  alluyiaL 

Ab  to  the  trsppean  rocks,  although  their  igneous  origin  had  been 
already  demonstrated  by  Arduino,  Fortis,  Faujas,  and  others,  and 
especialljby  Deamarest,  they  were  all  regarded  by  Werner  as  aqueoos, 
and  as  mere  subordinate  members  of  the  secondary  series.* 

This  theory  of  Werner's  was  called  the  "  Neptunian,"  and  for  many 
years  enjoyed  mach  popularity.  It  assumed  that  the  globe  had  been 
at  first  invested  by  an  universal  chaotic  ocean,  holding  the  materials 
of  all  rocks  in  solution.  From  the  waters  of  this  ocean,  granite, 
gneiss,  and  other  crystalline  formations,  were  first  precipitated  ;  and 
afterwards,  when  the  waters  were  purged  of  these  ingredients,  and 
more  nearly  resembled  those  of  our  actual  seas,  the  transition  strata 
were  deposited.  These  were  of  a  mixed  character,  not  purely  che- 
mical, because  the  waves  and  currents  had  already  begun  to  wear 
down  solid  land,  and  to  give  rise  to  pebbles,  sand,  and  mud;  nor  en- 
tirely without  fossils,  because  a  few  of  the  first  marine  animals  had 
begun  to  exist.  After  this  period,  the  secondary  formations  were 
accumulated  in  waters  resembling  those  of  the  present  ocean,  except 
at  certain  intervals,  when,  from  causes  wholly  unexplfuned,  a  partial 
recurrence  of  the  "chaotic  fluid"  took  place,  during  which  various 
trap  rocks,  some  highly  crystalline,  were  formed.  This  arbitrvy 
hypothesis  rqeeted  all  intervention  of  igneous  agency,  volcanos  being 
regarded  as  modem,  partial,  and  superficial  accidents,  of  trifling 
account  among  the  great  causes  which  have  modified  the  external 
structure  of  the  globe. 

Meanwhile  Hutton,  a  contemporary  of  Werner,  began  to  teach,  in 
Scotland,- that  granite  as  well  as  trap  was  of  igneous  origin,  and  had 
at  various  periods  intruded  itself  in  a  fluid  state  into  different  parts  of 
the  earth's  crust.  He  recognized  and  futhfully  described  many  of  the 
phenomena  of  granitic  veins,  and  the  alterations  produced  by  them 
on  the  invaded  sb-ata,  which  will  be  treated  of  in  the  thirty-third 
chapter.  He,  moreover,  advanced  the  opinion,  that  the  crystalliae 
strata  called  primitive  had  not  been  precipitated  from  a  primaeval 
ocean,  but  were  sedimentary  strata  altered  by  beat.  In  his  writings, 
therefore,  and  in  those  of  ha  illustrator,  Flayfair,  we  find  the  germ 
of  that  metamorphic  theory  which  has  been  already  hinted  at  in  the 
first  chapter,  and  which  will  be  more  fully  expounded  in  the  thirty- 
fourth  and  thirty-fifth  chapters. 

At  length,  after  much  controversy,  the  doctrine  of  the  igneons 
origin  of  trap  and  granite  made  its  way  into  general  favour;  .bat 
although  it  was,  in  consequence,  admitted  that  both  granite  and  trap 
had  been  produced  at  many  successive  periods,  the  term  primitive  or 
primary  still  continued  to  be  applied  to  the  crystalline  formation  4 
in  general,  whether  stratified,  like  gneiss,  or  unstratified,  like  granite. 
The  papil  was  told  that  granite  was  a  primary  rock,  but  that  some 
granites  were  newer  than  certain  secondary  formations ;  and  ia  con- 

*  See  nindplw  of  Qeology,  vol  i.  cbqx.  ir. 
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fimnily  with  the  spirit  of  the  andent  language,  to  which  tlie  teacher 
was  still  determined  to  adhere,  a  desire  was  naturally  engendered  of 
eEtenoating  the  importance  of  those  more  modern  granites,  the  true 
dales  of  which  new  obserrations  were  continually  bringing  to  light. 

A  no  less  decided  inclination  was  shown  to  persist  in  the  use  of 
the  term  "tHmsition,"  after  it  had  been  proved  to  be  almost  as 
Guilty  in  its  original  application  as  that  of  fidtz.  The  name  of 
transition,  as  already  stated,  was  first  given  by  Werner,  to  designate 
a  mineral  character,  intermediate  between  the  highly  crystalline  or 
meUmorphic  state  and  that  of  an  ordinary  fossiliferons  rock.  But 
the  term  acquired  also  &om  the  first  a  chronological  import,  because 
it  had  been  appropriated  to  sedimentary  formadoos,  which,  in  Hm 
Hartz  and  other  parts  of  Germany,  were  more  ancient  than  the 
oldest  of  tiie  secondary  series,  and  were  characterised  by  peculiar 
fossil  zoophytes  and  shells.  When,  therefore,  geologists  found  in 
other  districts  stratified  rocks  occupying  the  same  position,  and 
inclosing  similar  fossils,  they  gave  to  them  also  the  name  of  tran- 
atkm,  according  to  rules  which  will  be  explained  in  the  next 
chapter ;  yet,  in  many  cases,  such  rocks  were  found  not  to  exhibit 
the  same  mineral  texture  which  Werner  had  called  transition.  On 
the  contntry,  many  of  them  were  not  more  crystalline  than  different 
members  of  the  secondary  class ;  while,  on  the  other  hand,  these 
last  were  sometimes  found  to  assume  a  semi-crystalline  and  almost 
netamorphic  aspect,  and  thus,  on  lithological  grounds,  to  deserve 
(qoally  the  name  of  transition.  So  remarkably  was  this  the  case  in 
the  Swiss  Alps,  that  certain  rockis  which  had  for  years  been  regarded 
by  some  of  the  most  skilful  disciples  of  Werner  to  be  transition,  were 
at  hut  acknowledged,  when  their  relative  position  and  fossils  were 
better  understood,  to  belong  to  the  newest  of  the  secondary  groups ; 
nay,  some  of  them  have  actually  been  discovered  to  be  members  of 
tbe  lower  tertiary  series  I  I^  under  such  circumstances,  the  name  of 
tranaitioD  was  retained,  it  is  clear  that  it  ought  to  have  been  applied 
witfaont  reference  to  the  age  of  strata,  and  simply  as  expresNve  of  a 
mineral  peculiarity.  The  continued  appropriation  of  the  term  to 
formations  of  a  given  date,  induced  geologists  ta  go  on  believing  that 
the  ancient  strata  so  designated  bore  a  less  resemblance  to  the 
secondary  than  is  really  the  case,  and  to  imagine  that  these  last  never 
pass,  as  they  frequently  do,  into  metamorphic  rocks. 

The  poet  Waller,  when  lamenting  over  the  antiquated  style  of 
Chancer,  complains  that  — 

We  mite  in  Mild,  our  Ua^nme  giowi^ 


Bnt  the  reverse  is  tme  in  geology;  for  here  it  is  our  work  which 
eootinnally  outgrows  the  language.  Tbe  dde  of  observation  advances 
with  such  spe»i  tiiat  improvements  in  theory  outrun  the  changes  of 
nomendatare ;  and  the  attempt  to  inculcate  new  truths  by  words 
invented  to  expreas  a  difierent  (a  oppodt«  opinion,  tends  constantly. 
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hj  the  force  of  association,  to  perpetuate  error;  so  that  dog^maa 
renounced  bj  th«  reaaon  etill  retain  a  strong  hold  upon  the  imagi- 
nation. 

In  order  to  reconcile  the  old  chronological  vieirs  with  the  new 
doctrine  of  the  igneous  origin  of  granite,  the  foUomng  hypotbeus 
was  subatitutcd  for  that  of  tha  Neptunista.  Inslead  of  beginninfr 
with  an  aqueous  menstruum  or  chaotjc  fluid,  the  materiala  of  the 
present  crust  of  the  earth  were  supposed  to  have  been  at  first  in  a 
state  of  igneous  fusion,  until  part  of  the  heat  having  been  diffused 
into  surrounding  space,  the  surface  of  the  fluid  consolidated,  and 
formed  a  crust  of  granite.  This  covering  of  crystalline  stone,  which 
afterwards  grew  thicker  and  thicker  as  it  cooled,  was  so  hot,  at  flrat, 
that  no  water  could  exist  upon  it;  but  as  the  refrigeration  pro- 
ceeded, the  aqueous  vapour  in  the  atmosphere  was  condensed,  and, 
falling  in  rain,  gave  rise  to  the  fint  thermal  oeean.  So  high  w«s  the 
temperature  of  this  boiling  sea,  that  no  aquatic  beings  could  inhabit 
its  waters,  and  its  deposits  were  not  only  devoid  of  fossils,  but,  like 
those  of  some  hot  springs,  were  highlj  crystalline.  Hence  the 
origin  of  the  primary  or  ciystalline  strata, — gneiss,  micfr^chis^  and 
the  rest. 

Afterwards,  when  the  granitic  crust  had  been  partially  broken  np^ 
land  and  mountains  began  to  rise  above  the  waters,  and  nuns  aod 
torrents  to  grind  down  rock,  so  that  sediment  was  spread  over  the 
bottom  of  the  seas.  Yet  the  heat  still  remaining  in  the  solid 
supporting  substances  was  sufficient  to  increase  the  chemical  action 
exerted  by  the  water,  although  not  so  intense  as  to  prevent  the  intro- 
duction and  increase  of  some  living  beings.  During  this  state  of 
things  some  of  the  residuary  mineral  ingredients  of  the  primeval 
ocean  were  precipitated,  and  formed  deposits  (the  transition  strata 
of  Werner),  half  chemical  and  half  mechanical,  and  containing  a  few 

By  this  new  theory,  which  was  in  part  a  revival  of  the  doctrine  of 
Leibnitz,  published  in  1680;  on  the  igneous  origin  of  the  planet,  the 
old  ideas  respecting  the  priority  of  all  crystalline  rocks  to  the  creation 
of  o^anic  beings,  were  still  preserved ;  and  the  mistaken  notion  that 
all  the  semi-crystalline  and  partially  fossiliferons  rocks  belonged  to 
one  period,  while  all  the  earthy  and  uncrystalline  formations  origin- 
ated at  a  subsequent  epoch,  was  also  perpetuated. 

It  may  or  may  sot  be  true,  as  t^e  great  Leibnitz  imagined,  that 
the  whole  planet  was  once  in  a  state  of  liquefaction  by  beat ;  but 
there  are  certainly  no  geological  proofs  that  the  granite  which  con- 
stitutes the  foundation  of  so  much  of  the  earth's  crust  was  ever  at  onca 
in  a  state  of  universal  fusion.  On  the  contrary,  all  our  evidence 
tends  to  show  that  the  formation  of  granite,  like  the  deposition  of 
the  stratified  rocks,  has  been  successive,  and  that  difibrent  portirais  of 
granite  have  been  in  a  melted  state  at  distinct  and  often  distant 
periods.  One  mass  was  solid,  and  had  been  fractured,  before  another 
body  of  granitic  matter  was  injected  into  it,  or  through  it,  in  the  fimn 
of  veins.    Some  granites  are  more  ancient  than  any  known  fostiiiferoya 
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rocks;  others  are  of  secondary ;  sod  some,  snch  u  that  of  Mont 
Blue  Knd  put  of  the  cmtnJ  sxis  of  the  Alps,  of  tertiary  origio.  In 
■bort,  the  universal  fluidity  of  the  cryBt«lline  foundations  of  tlie 
earth's  crost,  can  only  be  nndentood  in  the  gams  Bense  as  tbe  nni- 
Tersality  of  the  ancient  ocean.  All  the  land  hoa  been  nnder  water, 
bat  not  all  at  one  time ;  so  all  the  subterranean  nnstratifled  rocks  to 
which  man  can  obtain  access  hsre  been  melted,  but  not  simulta- 
Monaly. 

In  the  present  work  the  four  great  classes  of  rocks,  the  aqueous, 
plntonic^  Tolcaoic,  and  metamorphic,  will  Form  four  parallel,  or 
nevly  parallel,  columns  in  one  chronological  table.  They  will  be 
considered  as  fonr  sets  of  monuments  relating  to  four  contempo- 
raneons,  or  nearly  contemporaneous,  series  of  events.  I  sbaU  en- 
desTour,  in  a  subsequent  chapter  on  the  plutonic  rocks,  to  explain 
the  manner  in  which  certain  masses  belonging  to  each  of  tbe  four 
elasaes  of  rocks  may  have  originated  simultaneously  at  every  geolo- 
gical period,  and  bow  the  earth's  crust  may  have  been  continnally 
remodelled,  above  and  below,  by  aqueous  and  igneous  causes,  from 
times  indefinitely  remat«.  In  the  same  manner  as  aqaeoua  and 
fossilifierons  sbata  are  now  formed  in  cert^n  seas  or  lakes,  while  in 
other  places  volcanic  rocks  break  out  at  the  surface,  and  are  con- 
nected with  reservoirs  of  melted  matter  at  vast  depths  in  the  bowels 
of  the  earth,  —  so,  at  every  era  of  the  past,  fossiliferous  deposits  and 
superficial  igneous  rocks  were  in  progress  contemporaneously  with 
othen  of  subterranean  and  plutonic  origin,  and  sotne  sedimentary 
strata  were  exposed  to  heat,  and  made  to  assume  a  crystalline  or 
oietaniorphio  structure. 

It  can  by  no  means  be  taken  for  granted,  that  during  all  these 
changes  the  solid  crust  of  tbe  earth  has  been  increasing  in  thickness. 
h  has  been  shown,  that  so  far  ss  aqneons  action  is  concerned,  the 
gain  hj  fresh  deposits,  and  the  loss  by  denudation,  must  at  each 
period  have  been  eqnid  (see  above,  p.  68.);  and  in  like  manner,  in 
tbe  inferior  portion  of  the  earth's  crnst,  the  acquisition  of  new  cryg- 
tsUioe  rocks,  at  each  successive  era,  may  merely  have  counter- 
bdanced  the  loss  sustained  by  the  melting  of  materiab  previously 
consolidated.  As  to  the  relative  antiquity  of  the  crystalline  found- 
ations of  the  earth's  crust,  when  compared  to  the  fossiliferous  and 
volcanic  rocks  which  they  support,  I  have  already  stated,  in  the  flrst 
chapter,  that  to  pronounce  an  opinion  on  this  matter  is  as  difficult  as 
St  (Hice  to  decide  which  of  the  two,  whether  the  foundations  or  super- 
■tmetnre  of  an  ancient  city  built  on  wooden  piles,  may  be  the  oldest. 
We  have  seen  that,  to  answer  this  question,  we  must  first  be  prepared 
to  say  whether  the  work  of  decay  and  restoration  had  gone  on  most 
rabidly  above  or  be^w ;  whether  the  average  duration  of  the  piles  has 
exceeded  that  of  the  stone  buildings,  or  the  contrary.  So  also  in 
regard  to  the  relative  age  of  the  anperior  and  inferior  portions  of  the 
earth's  crust;  we  cannot  hazard  even  a  coi^ecture  on  this  point, 
tmtil  we  know  whether,  upon  an  average,  the  power  of  water  above, 
or  that  of  heat  below,  is  most  efficacious  in  giving  new  forms  to  solid 
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After  the  observationa  which  have  now  been  made,  the  reader  will 
perceive  that  the  term  primary  mast  either  be  entirely  renounced,  or, 
if  retained,  must  be  difTcrentlj  defined,  and  not  made  to  designate  a 
Bet  or  crjalallioe  rocks,  some  of  which  are  alreadj  ascertained  to  be 
newer  than  all  the  secondary  formations.  In  this  work  I  shall  follow 
most  nearly  the  method  proposed  by  Mr.  Bou^  who  has  called  all 
foxsili/eroag  rocks  older  than  the  secondary  by  the  name  of  primary. 
To  prevent  confusion,  I  shall  Bometimes  speak  of  these  last  as  the 
primary  fotiiliferous  formations ;  because  the  word  primary  bas 
hitherto  been  most  generally  connected  with  the  idea  of  a  non- 
fossiliferous  rock.  Some  geologists,  to  avoid  nusapprehension,  have 
introduced  the  term  Paleozoic  for  primary,  from  roXatov,  "  ancient," 
and  iuov,  "  an  organic  being,"  still  retaining  the  terms  secondary  and 
tertiary;  Mr.  Phillips,  for  the  sake  of  uniformity,  bas  proposed 
MesoEoic,  for  secondary,  from  /uiroi,  "  middle,"  &c. ;  and  Cainozoic,  for 
tertiary,  from  kqikoc,  "  recent,"  &c  ;  but  the  terms  primary,  secondary, 
and  tertiary  are  synonymous,  and  have  the  claim  of  priority  in 
their  favour. 

If  we  can  prove  any  plutonic,  volcanic,  or  metamorpfaio  rocks  to  be 
older  than  the  secondary  formations,  such  rocks  will  also  be  primary, 
according  to  this  system.  Mr.  Bou4  having  with  propric^  ex- 
cluded the  metomorphic  rocks,  a»  a  clas$,  from  the  primary  form- 
ations,  proposed  to  call  them  all  "  crystalline  schists." 

As  there  are  secondary  fossiUferous  strata,  so  we  shall  And  tbat 
there  are  plutonic,  volcanic,  and  metamorpbic  rocks  of  contempora- 
neous origin,  which  I  shall  also  term  secondary. 

In  the  next  chapter  it  will  be  shown  that  the  strata  above  the 
chalk  have  teen  called  tertiary.  If,  therefore,  we  discover  any  vol- 
canic, ptutOQ.c,  or  metamorphio  rocks,  which  have  originated  since 
the  deposition  of  the  t^alk,  these  also  will  rank  as  tertiary  form- 
ations. 

It  may  perhaps  be  suggested  that  some  metamorpbic  strata,  and 
some  granites,  may  be  anterior  in  date  to  the  oldest  of  the  primary 
fossiliferous  rocks.  This  opinion  is  doubtless  true,  and  Vk-iU  be  dis- 
cussed in  future  chapters;  but  I  may  here  observe,  that  when  we 
arrange  the  four  classes  of  rocks  in  four  parallel  columns  in  one  table 
of  chronology,  it  is  by  no  means  assumed  that  these  columns  are  all 
of  equal  length ;  one  may  begin  at  an  earlier  period  than  the  rest,  and 
another  may  come  down  to  a  later  point  of  time.  In  the  small  part 
of  the  globe  hitherto  examined,  it  is  hardly  to  be  expected  that  we 
should  have  discovered  either  the  oldest  or  the  newest  members  of 
each  of  the  four  classes  of  rocks.  Thus,  if  there  be  primary,  second- 
ary, and  tertiary  rocks  of  the  aqueous  or  fossiliferous  clasS)  and  in 
like  manner  primary,  secondary,  and  tertiary  hypogene  formations, 
we  may  not  be  yet  acquainted  with  the  most  ancient  of  the  primary 
fossilifei-oos  beds,  or  with  the  newest  of  the  hypogene. 
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CHAPTER  rX. 

0!T  THK  DU-rEBENT  AQES  OF  THE  AQUEOUS   ROCKS. 

On  the  tbree  i^indpal  texu  of  relative  age  —  enperpo^tioD,  mineral  character,  and 
IbEQi — Chuige  of  mineral  character  and  fosails  in  tb«  same  continnona  fonna- 
tioD — nvofi  Ihat  dUtinct  Kpeci«a  of  aaimafa  and  planu  bsTe  lired  at  mcceMiie 
pcnodi — Distioct  provincea  of  indigenoiu  apeciei — Ot«U  ezt«nt  of  aingte  pR>< 
nocea  —  Smihir  laws  preTailed  at  mccestive  geological  periada — BelotiTe 
importance  of  mineral  and  pahsontological  characters — Teat  of  age  bj  inclnded 
fisgmenta — Freqnent  abienca  of  atrata  of  intenening  periods — Principal  gronpa 
of  absta  ia  weatem  Europe  — Tabular  views  of  foMlIiferoo*  strata. 

In  the  laat  ch&pter  I  spoke  generallj  of  the  chroDological  relations  of 
the  four  great  clasaea  of  rocks,  and  I  shall  now  treat  of  the  aqueous 
rocks  in  particular,  or  of  the  succesaiTo  periods  at  which  the  different 
fossiliferous  formationa  have  been  deposited. 

There  are  three  principal  tests  hy  which  we  determine  the  age  of 
a  given  set  of  strata;  first,  superposition;  secondly,  mineral  cha- 
racter i  tpd,  thirdly,  organic  remains.  Some  aid  can  occasionally  be 
derived  &om  a  fonrth  kind  of  proof,  namely,  the  fact  of  one  deposit 
including  in  it  fragments  of  a  pre-eiisting  rock,  by  which  the  lela- 
tire  ages  of  the  two  may,  even  in  the  absence  of  all  other  evidence, 
he  determined. 

Suptrpotition.  —  The  first  and  principal  test  of  the  age  of  one 
aqneoas  deposit,  as  compared  to  another,  ia  relative  position.  It  has 
been  already  stated,  that,  where  strata  are  horizontal,  the  bed  which 
lies  uppermost  is  the  newest  of  the  whole,  and  that  which  lies  at  the 
bottom  the  most  ancient.  So,  of  a  series  of  sedimentary  formalion^ 
they  »re  like  volumes  of  history,  in  which  each  writer  has  recorded 
the  annals  of  his  own  times,  and  then  laid  down  the  book,  with  the 
last  written  page  nppernKiBt,  npon  the  volume  in  which  the  events  of 
the  ers  immediately  preceding  were  commemorated.  In  this  manner 
t  lofty  pile  of  chronicles  is  at  length  accumulated ;  and  they  are  so 
irrtnged  as  to  indicate,  by  their  position  alone,  the  order  in  which 
the  events  recorded  in  them  have  occuned. 

In  r^ard  to  the  crust  of  the  earth,  however,  there  are  some  re- 
gions where,  as  the  student  has  already  been  informed,  the  beds  have 
been  disturbed,  and  sometimes  extensively  thrown  over  and  turned 
upside  down.  (See  pp.  58,  ^9.)  But  an  experienced  geolc^ist  can 
rarely  be  deceived  by  these  exceptional  eases.  When  he  finds  that 
the  strata  are  fractured,  curved,  inclined,  or  vertical,  he  knows  that 
the  original  order  of  superposition  must  be  doubtful,  and  he  then 
endeavours  to  find  sections  in  some  neighbouring  district  where  the 
strata  are  horiiontal,  or  only  slightly  inclined.  Here,  the  true  order 
of  sequence  of  the  entire  series  of  deposits  being  ascertained,  a  key  ia 
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furnished  for  settling  the  chronology  of  those  strkta  where  the  dis- 
placement is  extreme. 

Mineral  character.  —  The  same  rocks  may  often  be  observed  to 
retain  for  miles,  or  even  hundreds  of  miles,  the  sune  mineral  pecu- 
liarities, if  we  follow  the  planes  of  strati fl cation,  or  trace  the  beda,  if 
they  be  undisturbed,  in  a  horisgntBl  direction.  But  if  we  pursue 
them  vertically,  or  in  any  direction  transverse  to  the  planes  of  strati- 
fication, this  uaiformity  ceases  almost  immediately.  In  that  case  we 
can  scarcely  ever  penetrate  a  stratified  mass  for  a  few  hundred  yards 
without  beholding  a  succession  of  extremely  dissimilar  rocks,  some  of 
tine,  others  of  coarse  grain,  some  of  mechanical,  others  of  chemical 
origin  ;  some  calcareous,  others  argillaceoos,  and  others  stliceotis. 
These  phenomena  lead  to  the  conclusion,  that  rivers  and  currents 
have  dispersed  the  same  sediment  over  wide  areas  at  one  period,  but 
at  successive  periods  have  been  charged,  in  the  same  region,  with 
very  different  kinds  of  matter.  The  first  observers  were  so  astonished 
at  the  vast  spaces  over  which  they  were  able  to  follow  the  same  homo- 
geneous rocks  in  a  horisontal  direction,  that  they  came  hastily  to  the 
opinion,  that  the  whole  globe  had  been  environed  by  a  succession  of 
distinct  aqueous  formations,  disposed  round  the  nucleus  of  the  planet, 
like  the  concentric  coats  of  an  onion.  But  although,  in  fact,  some 
formations  may  be  continuous  over  districts  as  large  as  half  of  Europe, 
orevenmore,  yet  most  of  them  either  terminate  wholly  within  narrower 
limits,  or  soon  change  their  lithological  character.  Sometimes  they 
thin  out  gradually,  as  if  the  supply  of  sediment  hsd  failed  in  that 
direction,  or  they  come  abruptly  to  an  end,  as  if  we  hod  arrived  at  the 
borders  of  the  ancient  sea  or  lake  which  served  as  their  receptacle. 
It  no  less  frequently  happens  that  they  vary  in  mineral  aspect  and 
composition,  as  we  pursue  them  horizontally.  For  example,  we  trace 
a  limestone  for  a  hundred  miles,  until  it  becomes  more  arenaceous, 
and  finally  passes  into  sand,  or  sandstone.  We  may  then  follow  this 
sandstone,  already  proved  by  its  continuity  to  be  of  the  some  age, 
tliroughout  another  district  a  hundred  miles  or  more  in  length. 

Organic  remains. — This  character  must  be  used  as  a  criterion  of 
the  age  of  a  formation  or  of  the  contemporaneous  origin  of  two 
deposits  in  distant  places,  under  very  ranch  the  same  restrictions  as 
tlie  teat  of  mineral  composition. 

First,  the  same  fossils  may  be  traced  over  wide  regions,  if  we 
examine  strata  in  the  direction  of  their  planes,  although  by  no  means 
for  indefinite  distances. 

Secondly,  while  the  same  fossils  prevail  in  a  particular  set  of 
strata  for  hundreds  of  miles  in  a  horizontal  direction,  we  seldom  meet 
with  the  same  remains  for  many  fathoms,  and  very  rarely  for  several 
hundred  yards,  in  a  vertical  line,  or  a  line  transverse  to  the  strata. 
This  fact  has  now  been  verified  in  almost  all  parts  of  the  globe,  and 
has  led  to  a  conviction,  that  at  successive  periods  of  the  past,  the 
tuune  area  of  land  and  water  has  been  inhabited  by  species  of  nnimnls 
and  plitnts  even  more  distinct  than  those  which  now  people  the  anii- 
podes,  or  which  now  co-exist  in  the  arctic,  temperate,  and  tropical 
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woo.  It  ftppears,  tbftt  from  the  remotest  periods  there  has  been 
erer  &  caming  in  of  new  organic  forma,  and  an  extinction  of  those 
which  pre-exi£ted  on  the  earth ;  some  species  having  endured  for  a 
longer, others  for  a  shorter,  time;  while  none  have  ever  re-appeared 
after  once  dying  onL  The  law  which  has  governed  the  succession 
of  species,  whether  we  adopt  or  reject  the  theory  of  transmutation, 
seems  to  be  expressed  in  the  verse  of  the  poet, — 

Nwnm  n  fees,  e  poi  rnppe  la  Btampa.        Abiosto. 

Nature  made  him,  and  then  broke  the  die 

And  this  circumstance  it  is,  which  confers  on  fossils  their  highest 
value  as  chronological  testa,  giving  to  each  of  them,  in  the  eves  of 
the  geologist,  that  authority  which  belongs  to  contemporary  medals 

The  same  cannot  he  said  of  each  peculiar  variety  of  rock;  for 
some  of  these,  as  red  marl  and  red  sandstone,  for  example,  may 
occw  at  once  at  the  top,  bottom,  and  middle  of  the  entire  sedi- 
mentary series ;  exhibiting  in  each  position  so  perfect  an  identity  of 
mineral  aspect  as  to  be  undistinguiahable.  Such  exact  repetitions, 
however,  of  the  same  mixtures  of  sediment  have  not  often  been  pro- 
doced,  at  distant  periods,  in  precisely  the  same  parts  of  the  globe ; 
and,  even  where  this  has  happened,  we  are  seldom  in  any  danger  of 
ctrnfonnding  together  the  monuments  of  remote  eras,  when  we  have 
studied  their  imbedded  fossils  and  their  relative  position. 

It  was  remarked  that  the  same  species  of  organic  remains  cannot 
be  tisced  horizontally,  or  in  the  direction  of  the  planes  of  strati- 
licatioa  for  indefinite  distances.  This  might  have  been  expected 
from  analc^y;  for  when  we  inquire  into  the  present  distribution  o( 
living  beings  we  find  that  the  habitable  surface  of  the  sea  and  land 
may  be  divided  into  a  considerable  number  of  distinct  provinces, 
rich  peopled  by  a  peculiar  assemblage  of  animals  and  plants.  In  the 
Principles  of  Geology,  I  have  endeavoured  to  point  out  the  extent 
and  probable  origin  of  these  separate  divisions ;  and  it  was  shown 
that  climate  is  only  one  of  many  causes  on  which  they  depend,  and 
that  difference  of  longitude  as  well  as  latitude  is  generally  accom- 
panied by  a  dissimilarity  of  indigenous  species. 

As  different  seas,  therefore,  and  lakes  are  inhabited,  at  the  same 
|>eriod,  by  different  aquatic  animals  and  plants,  and  us  the  lands  ad- 
Joining  these  may  be  peopled  by  distinct  terrestrial  species,  it  follows 
that  distinct  fossils  will  be  imbedded  in  contemporaneous  deposits 
ir  it  were  otherwise — if  the  same  species  abounded  in  every  climate, 
or  in  every  part  of  the  globe  where,  so  far  as  we  can  discover,  a 
corresponding  temperature  and  other  conditions  favourable  to  their 
existence  are  found  —  the  identification  of  mineral  masses  of  the 
same  age,  hy  means  of  their  included  organic  contents,  would  be  a 
matter  of  still  greater  certninty. 

Nevertheless,  the  extent  of  some  single  zoological  provinces,  espe- 
daDy  those  of  marine  animals,  is  very  great;  and  our  geological 
researches  have  proved  that  Uie  same  laws  prevailed  at  remote 
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periods ;  for  the  fossils  are  often  identical  throughout  wide  epacea,  and 
in  detached  deposits,  consisting  of  rocka  varying  entirely  iu  their 
mineral  nature. 

The  doctrine  liere  laid  down  will  be  more  readily  understood,  if  we 
reflect  on  what  is  now  going  on  in  the  Mediterranean.  That  entire 
sea  may  be  considered  as  one  zoological  province ;  for  although  certain 
species  of  testacea  and  zoophytes  may  be  Tery  local,  and  each  region 
has  probably  some  species  peculiar  to  it,  still  &  considerable  number 
are  common  to  the  whole  Mediterranean.  If,  tlierefore,  at  some 
future  period,  the  bed  of  this  inland  sea  should  be  converted  into  land, 
the  geologist  might  be  enabled,  by  reference  to  organic  remuns,  to 
prove  the  contemporaneous  origin  of  various  mineral  masses  scattered 
over  a  apace  equal  in  area  to  half  of  Europe. 

Deposits,  for  example,  are  well  known  to  be  now  in  progress  in  this 
sea  in  the  deltas  of  the  Fo,  Rhone,  Nile,  and  other  rivers,  which  differ 
as  greatly  from  each  other  in  the  nature  of  their  sediment  as  does  the 
composition  of  tlie  mountains  which  they  drain.  There  are  also  other 
quarters  of  the  Mediterranean,  as  off  the  coast  of  Campania,  or  near 
the  base  of  Etna,  in  Sicily,  or  in  the  Grecian  Archipelago,  where 
another  class  of  rocks  Is  now  forming ;  where  showers  of  volcanic 
ashes  occasionally  fall  into  the  sea,  and  streams  of  lava  overRow  its 
bottom ;  and  where,  in  tlie  intervals  between  volcanic  eruptions,  beds 
of  sand  and  clay  are  frequently  derived  from  the  waste  of  cliffs,  or 
the  turbid  waters  of  rivers.  Limestones,  moreover,  such  as  the  Italian 
travertins,  are  here  and  there  precipitated  from  the  waters  of  mineml 
springs,  some  of  which  rise  up  from  the  bottom  of  the  sea.  Id  all 
these  detached  formations,  so  diversilied  in  their  Uthological  cha- 
racters, the  remains  of  the  same  shells,  corals,  Crustacea,  and  fish  are 
becoming  inclosed ;  or,  at  least,  a  sufficient  number  must  be  common 
to  the  different  localities  to  enable  the  zoologist  to  refer  them  all  to 
one  contemporaneous  assemblage  of  species. 

There  are,  however,  certain  combinations  of  geographlonl  circum- 
stances which  cause  distinct  provinces  of  animals  and  plants  to  be 
separated  from  each  other  by  very  narrow  limits;  and  bence  it  mast 
happen,  that  strata  vrill  be  sometimes  formed  in  contiguous  regions, 
differing  widely  both  in  mineral  contents  and  organic  remains.  Thus, 
for  example,  the  testacea,  zoophytes,  and  fish  of  the  Bed  Sea  are,  as 
a  group,  extremely  distinct  from  those  inhabiting  the  adjoining  parts 
of  the  Mediterranean,  although  the  two  seas  are  separated  only  by 
the  narrow  isthmus  of  Suez.  Of  the  bivalve  shells,  according  to 
Philippi,  not  more  than  a  fifth  are  common  to  the  Bed  Sea  and  the 
sea  around  Sicily,  while  the  proportion  of  univalves  (or  Gasteropoda) 
is  still  smaller,  not  exceeding  eighteen  in  a  hundred.  Calcareous 
formations  have  accumulated  on  a  great  scale  in  the  Bed  Sea  in 
modem  times,  and  fossil  shells  of  existing  species  are  well  preserved 
therein ;  and  we  know  that  at  the  mouth  of  the  Nile  large  deposits 
of  mud  are  amassed,  including  the  remains  of  Mediterranean  specie-*. 
It  follows,  therefore,  that  if  at  some  future  period  the  bed  of  the 
Red  Sea  should  be  laid  dry,  the  geologist  might  experience  great 
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difficulties  in  endeavonring  to  ascertain  the  reUtiTe  age  of  tliese 
fcsraAtions,  which,  although  dissimiUr  both  ia  organic  and  mineral 
chantctera,  were  of  synchronous  origin. 

Bat,  on  the  other  hand,  we  must  not  tar^t  that  the  north<westem 
ahorefl  of  the  Arabian  Gulf,  the  plains  of  Egypt,  and  the  isthmas  of 
Sues  are  all  parts  of  one  province  of  ttrrtitrial  species.  Small 
Bbeams,  therefore,  occasional  land-floods,  and  those  winds  which  drift 
elooda  of  sand  along  the  deserts  might  cany  down  into  the  Bed  Sea 
the  same  shells  of  flnviatile  and  land  testacea  which  the  Nile  ia 
■weeping  into  its  delta,  together  with  some  remains  of  terrestrial 
plauta  and  the  bones  of  quadrupeds,  whereby  the  gro^s  of  strata, 
before  aHaded  to,  niight,  notwithstanding  the  discrepancy  of  their 
mineral  eompoeilion  and  marin*  o^anic  fosBils»  be  ^own  to  have 
befamged  to  the  some  epoch. 

Tet  while  rivers  may  thos  cany  down  the  same  fluviatile  and 
teireatrial  spoib  into  two  or  more  seas  inhabited  by  different  marine 
spedee,  it  will  much  more  frequently  happen,  that  the  co-existence 
of  terrestrial  species  of  distinct  zoological  and  botanical  provinces 
wiD  be  proved  by  the  identity  of  the  marine  beings  which  inhaldted 
the  intervening  apace.  Thus,  for  example,  the  land  quadmpeds  and 
sImSs  of  the  south  of  Europe,  north  of  Africa,  and  north-west  of 
Asia  differ  considerably,  yet  their  remains  are  all  washed  down  by 
rivera  flowing  from  these  three  countries  into  the  Mediterranean. 

In  some  parte  of  the  globe,  at  the  present  peciod,  the  line  of 
demarcation  between  distinct  provinces  of  animals  and  plants  is  not 
very  strongly  marked,  especially  where  the  change  is  determiDed  by 
temperature,  as  it  is  in  seas  extending  from  the  temperate  to  the  tropical 
Hne,  OT  irom  the  temperate  to  the  arctic  regions.  Here  a  gradual 
passage  takes  ptiaae  from  one  set  of  species  to  another.  In  tike 
manner  the  geologist^  in  studying  particular  formations  of  remote 
periods,  has  sometimes  been  able  to  trace  tiie  gradation  from  one 
aaeient  province  to  aaether,  by  observing  carefully  the  fossils  of  all 
the  inmnediate  places.  His  success  in  thus  acquiring  a  knowledge 
of  the  nDokigical  or  botanical  geography  of  very  distant  ecas  has  been 
mainly  owing  t«  this  ciicumatanoe,  that  the  mineral  charaeter  has  no 
tendency  to  be  affected  by  elimate.  A  lai^  river  may  convey 
reDow  w  red  mud  into  some  part  of  the  ocean,  where  it  may  be 
disperved  by  a  current  over  an  area  several  hundred  leagues  in 
length,  so  as  to  pass  from  the  tropics  into  the  temperate  sone.  If 
the  bottom  of  the  sea  be  afterwards  upraised,  the  organic  remains 
imbedded  in  such  yellow  or  red  strata  may  indicate  the  different 
animalg  or  plants  which  once  inhabited  at  the  same  time  the  tem- 
plate and  equatorial  r^ons. 

It  may  be  true,  aa  %  general  rule,  that  groups  of  the  same  species 
of  aninaJs  and  plants  may  extend  over  wider  areas  than  deposits  of 
koasogeDeoas  compoeitieik;  and  if  so,  paleontological  characters  will 
be  of  more  impiHtanc*  in  geobgical  classification  than  the  test  of 
Mineral  ctnipontioD ;  but  it  is  idle  to  discuss  the  relative  value  of 
tkeae  teatc^  as  the  aid  of  both  is  indispensable,  and  it  fortnnately 
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happens,  that  Trhere  the  one  criterioa  fails,  we  cut  often  avail  our- 
aelvea  of  the  other. 

Teit  by  included  fragments  of  older  roeit. — It  was  stated,  that 
independent  proof  ma^  sometimea  be  obtained  of  the  relative  date  of 
two  formations,  by  fragmeaU  of  an  older  rock  being  included  in  a 
newer  one.  This  evidiince  may  sometimes  be  of  great  nse,  where  a 
geologist  is  at  a  loss  to  determine  the  relative  age  of  two  formations 
fron  w«nt  of  clear  sections  exhibiting  their  true  order  of  poaition,  or 
because  the  strata  of  each  group  are  vertical  In  such  cases  we 
somciimes  discover  that  the  more  modem  rock  has  been  in  part 
derived  from  the  degradation  of  the  older.  Thus,  for  example,  we 
may  find  ehalk  with  flints  in  one  part  of  a  country ;  and,  in  another, 
a  distinct  formation,  consisting  of  alternations  of  clay,  sand,  and 
pebbles.  If  some  of  these  pebbles  consist  of  aimilar  flint,  including 
fossil  shells,  sponges,  and  foraminifera,  of  the  same  species  as  those 
in  the  cbalk,  we  may  confidently  infer  that  the  chalk  is  the  oldest  of 
the  two  formations. 

Chronological  groupi. — The  number  of  groups  into  which  tbe 
fossiliferous  strata  may  be  separated  are  more  or  less  numerous, 
according  to  the  views  of  classifieation  which  different  geologists 
entertain ;  but  when  we  have  adopted  a  certain  system  of  arrange* 
ment,  we  immediately  find  that  a  few  only  of  the  entire  aeries  of 
jgroups  occur  one  upon  the  other  in  any  single  section  or  district 

The  thinning  out  of  individual  strata  was  before  described  (p.  16.). 


'\ 


But  let  the  annexed  diagram  represent  seven  fossiliferous  gronps, 
instead  of  as  many  strata.  It  wilt  then  be  seen  that  in  the  middle 
all  the  superimposed  formations  are  present ;  but  in  consequence  of 
some  of  tbem  thinning  out,  No.  2.  and  No.  5.  are  absent  at  one 
extremity  of  the  section,  and  No.  4.  at  the  other. 

In  another  diagram,  fig.  103.,  a  real  section  of  tbe  geological 
formations  in  the  neighbourhood  of  Bristol  and  the  Mendip  Hills  is 
presented  to  the  reader,  as  laid  down  on  a  true  scale  by  Professor 
Ramsay,  where  the  newer  groups  1,  2,  3,  4.  rest  unconformably  on 
the  formations  5  and  6.  Here  at  the  southern  end  of  the  line  of 
section  we  meet  with  the  beds  No.  3.  (the  New  Sed  Sandstone)  resting 
immediately  on  No.  6.,  while  farther  north,  as  at  Dundry  Hill,  we 
behold  six  groups  superimposed  one  upon  the  other,  comprising  all 
the  strata  from  the  inferior  oolite  to  tbe  coal  and  carboniferous 
limestone.  The  limited  extension  of  the  groups  1  and  2.  is  owing 
to  denudation,  as  these  formations  end  abruptly,  and  have  left 
outlying  patches  to  attest  the  fact  of  their  having  originally  covered 
a  much  wider  area. 


OP   AQUEOUS  HOCKS. 


Id  muij  instances,  bowever,  the  entire  absence  of  one  or  mora 
fonuitions  of  interrening  periods  between  two  groapa,  snch  as  3. 
u4  S.  in  tbe  name  section,  arises,  not  from  the  destruction  of  what 
Mce  existed,  but  because  no  strata  of  an  intennediate  age  were  ever 
depoaited  on  the  inferior  rock.  They  were  not  formed  at  that  place, 
«iiber  because  the  region  waa  dry  land  during  the  interval,  or  because 
il  was  part  of  a  sea  or  lake  to  which  no  sediment  was  carried. 

In  order,  therefore,  to  establish  a  chronological  succession  of 
fosniirerous  groups,  a  geolt^ist  must  begin  with  a  single  section  in 
*faich  several  sets  of  strata  lie  one  upon  the  other.  He  must  then 
trace  these  formations,  by  attention  to  Iheir  mineral  character  and 
Ibjsils,  continuously,  as  far  as  possible,  from  the  starting  poinL  As 
oftea  as  he  meets  with  new  groups,  he  must  ascertain  by  super- 
position their  age  relatively  to  those  first  examined,  and  thus  learn 
Iw*  to  intercalate  them  in  a  tabular  arrangement  of  the  whole. 

By  this  means  tiie  German,  French,  and  English  geologists  have 
^lenoined  tbe  succession  of  strata  throughout  a  great  part  of 
Korope,  and  Lave  adopted  pretty  generally  the  following  groups, 
almost  all  of  which  have  their  representatives  in  the  British  blands. 
Grotpi  of  Fotnliferout  Strata  observed  in  fVestem  Europe,  ar- 
ranged in  what  i*  termed  a  dficendinff  Series,  or  beginning  teitli 
Atmeiee$t,     {See  a  more  detaUed  Tabular  view,  pp.  102.  I06.J 

■-  PiMt-Tertiaiy.  includiag  Reccal  and 
Pon- Pliocene. 

^  Miocene. 
1.  Eonne. 

5.  Chsllc. 

6.  GrecnMnd  and  WeaWcn. 
-'  1.'pf>er  Oolite,  ioclading  the  Farbcck. 
t-  Uiddle  UoliM. 
S-  Liirer  Oolite. 

10-  IJj,. 


-Secoudarj',  or  Mcsmoir. 


"t  ttniarr.  Sir  H.  De  La  Bcche 
*d  iheiemi  "»npr«cretaceoaV  n 
iaplTiiig  that  tbe  tuata  *a  called 


are  inperior  in  posiiioi 
t  For  an  explanui 
ten.  lee  above,  p.  92. 
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IS.  PtnnUn. 
IS.  Cob;. 

14.  Old  Bed  Sanditone,  w  Deroniu. 

15.  Upper  SilnrUn. 

16.  LoTCT  SilariuL 

17.  Cunbrian  and  older  fonilifennu  nnti. 

It  ifl  not  pretended  tbst  the  three  principal  sectioni  in  the  above 
table,  called  primary,  gecondary,  and  tertiary,  are  of  equivalent  im- 
portance, or  that  the  seventeen  subordinate  groups  comprise  monu- 
ments relating  to  equal  portions  of  past  time,  or  of  the  earth's  his- 
tory. Bat  we  cdn  assert  that  they  each  relate  to  eaccessive  periods, 
during  which  certain  animals  and  plants,  for  the  most  part  pecnliar 
to  their  respective  eras,  have  floarished,  and  daring  which  different 
kinds  of  sediment  were  deposited  in  th«  space  now  occapied  by 
Europe. 

If  we  were  disposed,  on  palnontological  gronnds  *,  to  divide  the 
entire  fossiliferotifl  series  into  a  few  groups  less  nnvieroas  than  those 
in  the  above  table,  and  more  nearly  co-ordinate  in  value  than  the 
sections  called  primary,  secondary,  and  tertiary,  we  might,  perhaps, 
adopt  the  eight  groups  or  periods  given  in  the  next  table. 

At  the  same  time,  I  may  oboerve,  that,  in  the  present  state  of  the 
science,  when  we  hftve  not  yet  compared  the  evidence  derivable  from 
all  classes  of  fossils,  not  even  those  most  generally  distribnted,  such 
u  shells,  corals,  and  fish,  snch  generalizations  are  premature,  and  can 
only  be  regarded  as  conjectural  or  provisional  schemes  for  the  found- 
ing of  Urge  natural  groups. 


Fotiiiiferota  Strata  of  Wettem  Europe  divided  into  Eight  Gmupt. 

PBrt-Tert 
tiaiy  - 


'■  ^'^*'*'^'^'^}  from  th.  Recent  to  the  Eocene  indwdre. 


S.  Oetseaoiu 


1  from  the  Maestricht  Chalk  to  the  Wealden  inda- 


a.  Oolitie  •        •        -       from  the  Porbeck  to  the  Liu  tncloriTe. 

A.   nuuato  *      \  fDclDdiog  the  KeapcT,  Unuhelkalk,  and  Bimter- 

•.  AiUMH  -        -    J-     SMdWeinofthBOerniana. 

a.  Feimian  and  Cirboni-1  indnding  Uagneeian  Limestone,  Coal  Heasnrea, 

feroni         -        •      )      and  Hoantain  Umeilone. 
S.  Denmian  or  Old  Bed  \  fhnn  tlie  Yellow  Sandttone  of  Fife  to  the  Porlkr- 

SandMona  -        -    J     ihiie  paTJng  ttonea  iriib  cephaUapii. 
*   a:i»ri...  1  from  the  Upper  Lndlow  to  the  Bala  Limeilone, 


and  Gnptotite  Schiili. 
fhmt  the  Lingola  flags  or  primordial  wnte  oTBar- 
nmde  to  the  loven  known  foniliferoiu  rocks. 

But  tlie  following  more  detailed  list  of  fossiliferous  strata,  divided 
into  a  greater  number  of  sections,  will  be  found  nsefiil  by  the  reader 
when  he  is  studying  our  descriptions  of  the  sedimentary  formationa 
given  in  the  next  18  chapters. 

■  FalaODtologj  ii  the  acienea  which  dent,  a^o,  mm,  btbgt,  tad  A«7v>,  ^ogoa, 
treat!  of  fboil  lemuni,  both  animal  and      adiicoarM. 

vegetable.    Eij/m,  roXaui,  palaiot,  an- 
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ABRIDGED  GENERAL  TABLE  OF  F08SILIFEE0US  STRATA. 


I.  BECEHT. 

1  POST-PLIOCBNB. 

J.NBWBB    PLIOCBNa 

t-OLDBB    FLIOCBKB. 

(.DPFEB    MtOCENB. 

tLOWBB    HIOCENB. 

t.  Vma   BOCENK. 

I- KIDDLE    BOCEHB. 

*.  LOWES    BOCBKB. 
N.  XAESTBICBT    BEDS. 
ILVHITB    CHU.K. 
11  DFPBB    GBBBMSAND. 
11  GiULT. 

U.  LOWBB    OEBBtlBAIlD 
U.  WEALD  BK. 
IL  FCBBBCK    BBDS. 
ir.  POITLAND    8T0HB. 
It.  XIHMEKIDOE    CLAT. 
n.  CDBAL    BAG. 
M.  OXFORD    CLAT. 
».  GBEATorBATH  OOLITE, 
a  DJFEBIOB    OOLITB. 
S-UASl 

m.  oppsb   tbias. 

a.  KtDDLE  TBUS. 
N.  LOWBB  TBIAS. 
17.  PBBMIAM. 
a.  COAL-MBASURBS. 
a  CABBONIFEROUS 
LIMBHTONB. 

IL  MIDDLE  LdBVONIAK. 

n.  LOWEB  J 

B.UPFEB    ^ 
M.  MIDDLE  IsiLDBUH. 
».  LOWBR  J 
X-VPTEK      I 


oasTAoaemb 


PE  S3 
8      W 


«.tTPPKB 
«.LOWXR 


ICAHBBIAH. 


LAUBBMTIAK.     &A.1 
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TABCLAR   VIEW 

THE     FOSSILIFEROUS    STRATA, 


POST-TERTIARY. 
(Trrraitu  cvnltmporaint  it  qiuUermiTtt). 


BrUM-Vtuim  itimta,  witb  hi 
on  coast  of  Connr»ll  (p.  lOfl). 
lI»rlD«  sCnls,  with  (uotm  in  tbi 

JS>r»vii— Din 

implBTBeni 

Laciutrine  i 

dwelliiigi 

■cpMI  <p.I 


h  oat  (kllchi 

ma   ItDplflniBata   of 


Llddeos).  wllb 


incloaing  Templa  ntSermpit,  ■ 

fuuuoii  [p.  !og). 

'    Licuttrine  alnu  tf  Cuhmera  (p.  109). 
'Ari(i«ft~  Loun  of  BriibMDCave,  with  flint  knivr 
uidbonH    --■-■■■■ 

(p.  mi. 

Olvial  drift  of  Bcotlud,  with  nwiDe 


Boulder  fbrmatiot 


.rNorftolkclllIkfr 


(p- 1")' 

l^bed  of  Norfolk   clllb,  wiUi  bona    of 
il«pbKnt,  Ac.  (n.  lai), 
OliL-^l  drift  of  wain  with  muine  tbnil  thelli 
nwly  1,400  fwt  hi«b,  on  Uoel  Trytteu  (p. 
138). 
Tarrifit--  Inrlmt  Valle;  ^tcIi  of  Ai 


ititnpl™ 


Local 


Uartne 


B  IP.  US). 

of  Khine  (pp.  117,118). 

it  Nlle-mua  fbnnlng  lii 


»(P- 


lyel.  a 


quadrupeds 

oam  and  bi 


ca." 


eiUDCt. 


n  o(  Lif^   MTanii,  with 
aaid  bonea  itf  utiuct  and 

alia  (p.  IM). 

Auitnllan  caVs  brecdaa,  with  bonM  ofBitliiet 

Glacial  ilrtftofilorttiflniBurDpa  (pp.  14S-UI). 
Foat-gladal  ft«hwM«r  dopoilt*  of  North  Aioe- 
rim  with  remaliu  ot  nuKtodsD  (p.  I4S). 

TERTIARY. 

{Terraitu  tertiaira). 
/£n(uA— Norwich  cnc,  mKrine,  vithll  percent.of  theabella  of 
'        eitlnct  ■peciea.  bona  of  MattoitiM  arvnmui;  Ac.  (p.  IM). 
Chlllarord  beda,  with  marine  ihelli.S  per  cent,  extihot,  and 

thoH  of  Urlng  apeclet  dilefly  Arctic  (p.  IM). 
Brldllnrton  beda,  marine  An:tio   fhuna,  oimmenoeinent  of 
pihiciia  epoch  Ip.  IBS). 
\  fonieit-^Tuai  Df^lacbla  Ip.  1^_)  )  Harina  ■bell*  <a 


Cune  of  Monte ^^ 

EaittrobaaeutMount  Etnalp.  189), 
Calcareoua  and  argillaceoua  itr' 

witb  ahelli  from  10  to  SO  per 
Lacuatiine  itnta  of  Upper  Va 

HMit.  Ac  ip.  196). 
SriUrt— Bed  cng  of  SulfQlk,  i 


,     ,.  oftbe 

i)  f     spKlca  extinct. 

and  Tolcaoic  tnflk  of  8lcll;, 


lofSldlT. 

»(p.ni>. 


White  or  coralline  cng  of  Si 
i  per  cent,  of  eitlnct  apedea. 
(  Fartiff<i~Vpper  andmiddle,:'  " 


a  leai  northera,  M 


Antwerp  cra^  ihelli  f rom  M  to 

fKi  nut.  eitlnct,  bonea  ctfoetaon  nunHTOui  (p.  Mtt). 
Subapennlne  miHa  and  mnda  (p.  NT). 
Aialo-CMpiiui  bncUih-w«l«T  (armlUoiu  <p.  HW). 


OgIC 


roasiLiPERonB  strata. 
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of  Hadetrm,  ths  Cuiarlei,  and  tb 


BritiMh—a.  yerrugliious  nmdi  of  Nottb  Dowiu  [  (p.  £33). 
F<irvia»—a.  SOegitfrn  b«di,  iutwerp,  vith  aheUi  SI  per  cant. 

of  extinct  ipecieii  (p.  I8i). 
a.  DiHt  Biids  (p.  m). 
Bolderberg  bed*  of  Belgium  (p.  ttS). 
FalniH  at  Tonntlne,  wich  totMeB  of  sub-tropkal  cbuacter, 

Diaoatriam.  Ao.  (p.  tu). 
7^niu,  proper,  of  Bordoui  (p.  ISO). 
Fmbmieit  Mrata  nt  Oen,  with  remifau  of  qnidruouoi 

(p.*M). 
8andi  of  HppdaheliD,  with  tUanlui  qukdnipedi  (p.  £41). 
Tlram  bula.  with  ahelli  fbur-BfUu  extinct  ipedes,  ud  IKii^ 

Bed!  of  the  SupargB  near  Turin  (p.  Ml). 

Depoait  M  PlkanD«.  new  Atheci,  with  tonll  puhrdcmu  and 

»pB.(p.BH).  *^ 

8irl»  (Bnlngen  bedi,  rkh  Id  plant!  and  Inaacta  {pp.  I4«-£st). 
Uartoe  molane,  Baittatland  (p.  isi). 
SiwAlik  hlUi.  witb  treahirater  •taelli  and  ratinot  quadrupeds 


{p-H 

Tokanlc  tuff  and  lli 

;       Axorea(p.«gT). 

Jn'fiit— HampMead  beda.nurlao  and  ft«<liTater  utrata  (p.  1ST). 

Llgnttea  and  cl^a  of  Bove;  Tnoe;,  [tent*  of  lub-tropical 

character  (p.  !3)i). 
late  of  MuU  leat-bed,  roltwiEc  tuft  (p.  MO). 
A^rrip*— Cakairv  de  la  Beauoe,  kc  (p.  ti7)- 
GttH  de  FoDtilnebleau  (p.  Z17). 
lAcuftrina  strata  of  tbe  Llmtgne  d'Auvergns  (p.  HO],  and  of 

theOmtal  (p.  !2ej. 
Lover  marlneandbncUiliitrata  of  Bordeaux,  with  CtriUtiim 

pUcatum,  Ac  (p.  E30). 
HiTence  b«sin,  LUtortnella  litneatona,  and  marls  with  CVmu 

umMriata,  it.  (p.  Ml). 
BadaboJ  beda  of  Croatia,  with  ftiuU  plantg  and  Iniectt  (p.  US) . 
Brown  ani  of  German;  (p.  2M). 
Lowpr  molaue  of  Bwilierland,  ftvaliwater  and  bracklih,  with 

Bub-tro^ol  flora  [pp.  XH-ESl). 
EupelianbedaorDuinoat.vlthZ«Iai)atta|ia*iaiu.&c(p.U«). 
Middle  LloibuR  (Kleyn  Spawen)  beds  (Upper  Tongrian  of 

DuDMnt).  wltG  marine  and  freahwater  ifaeua  (p.  S3t). 
Lcnrer  liimburg  fLower  Tongriaa  of  Dumont)  with  marina 

■hell*,  one-third  common  toTJpper  Boceoe  (p.  tX]. 
ITebraika  beds,  with  bonet  of  extinct  quadrupeds  and  cbelo- 

Britith  -—  1.   Bembrldn,  flovlo-mariae   atnta  vltb    Palto- 
Onriua,  4c.  (p.  iSlJ. 
£.  Osboroe  or  St.  Helen's  aerlea  (p.  I3E). 
S.  Readon  seHea,  with  nuuina  and  freahwato  shells  (p.  ttii). 
i.  Barton  clsj,wiQiniunmullt«a  (p.  KS). 
ton^n— 1.  Gypsum  of  Hontnuutre,  treahwater  with  PaltoO*- 

rium  (p.  !97). 
1.  Calotirc  lUideux,  or  Travertin  InfMaar  (p-MHi). 
3.  Grte  de  Beauchamp  or  Sables  aioj'eni  (p.  300). 
SritUh—1.  Bssthot  and  Bncklnham  beds  Cp.  tSl). 
t.  Vhlte  cisjn  of  Alum  Bar,  with  plants  of  tropiual  nneni 
(p.  KM). 
Anwv>s— ■-  Caleaire  gToader,  miUollUa  UmesbiiM  (p.  300). 

Bwssonn^  sands,  or  Llts   eDquilllen,  wfth  NHmmuUIti 

S.  Claiborne  beds  of  United  Htato.  with  OrbUoidf  and  Zeua- 
;  lodon  (p.  300). 

ffirttiiA— 1.  Ixindon  ds;  proper,  ibells,  Ssh,  and  plants  of  sub- 

Uoplcal  tfpes  (p.  SM). 
I    1  Plastic  or  mottled  clays  of  Voolwlch,  Suvlo-marine  (p.  iet). 
(    I.  Ihanet  aaods,  with  PhotadaiKfa,  Aa.  (p.  290). 
Anvis— 1.  Argile  de  Londrw  near  Dunkirk  (p.  S9t). 

£.  Argile  plisUque,  with  Gfufaraisparuftiuis  (p.SOS). 
I.  S.  BabkadeBracbeui,  with  jtrettvvmpnTiiAnit  (p.S(ll}. 
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lABnLAB  VIEW  OV  THB 


CRETACE. 
OUS. 

{Ttrrainl    | 
critaeia) 


OOLITE 


LIAS 

(  Terrain! 
Jurassiqva) 


SECONDARY. 
(^Timtint  K/xmdaiTei). 


BrOith-l.  Wutlng. 
i.  White  ctulk  with  B[nU,  mu-lM  (p.  tlft). 
S.  Chalk  mtrl,  mMing  (p.StS). 

♦.  Dpper  greenimii— flre-rtone  of  Burrn,  mftrioe  (p.  S19). 
B.  Gkult— dufc  blue  lurl  of  louth-eMt  oT  Engtukl  (p.  S2S). 
Bbukdown  bad*  dT  littonl  tnvlu  (p.  3M). 
JbnwB— 1.  Haalrichl  bed*,  with  Moiamnrut  (p.  31S). 
boe  chalk  with  ATantilw  rfanieu.  Ac.  (p.  lit). 
S.  White  ebiil  of  Fnnce,  Swsdeo,  ud  KumK  (p.  110). 


'"  ffi-* 


, kOgkinHnni  (p.S31). 

«,  Quader  mulMdn  of  Otnauij  (p.  33t). 
S.  Guilt  of  tba  Loin  (^  >■». 
1  lod  S.  BiBDurita  llmeatooe  ot  South  of  Fnnoe  (p 
SMB.  New  JoTM*  V.B.  HLDdi  uid  nurli  ' 
'    £  to  S.  Biticeoiu  UmealoDe  of  Tata  (p.  S 
A-itiik— I.  Pemiftiuoiu  utd  ireeu  undt  (p 
Kentish  lu,  or  («l«n»iu  slooe  (p.  S38i. 
Atberflddbcdt.  mariDe,  with  Pims  JmJJoM  [p.  S4S). 
i.  Waii  oUj  ot  Sivrmj.  Kent,  ud  Suihi,  frnfawHUr,  <rith 

Hutings  ■aiidi  (Tnnhrldce  and  Aahburnham  beds],  O^Ji- 

TT,  b^anoiim  Matdetli  (p.tt— 

I.  Naocomtan  of  NaufdiaMl 
Un  bed*  of  Hanorer  (p.  M*). 
rBrUitli—Vppet  Purbeck  bedi,  rmhwater,  Purbeck  niirfale  (p. 

Uiddle    Puiheok  fluTIa■mwia^   with 

quadnipedi,  Ac  (p.  Xli). 
Lower  Purbeck  fmkwaMr,  with  intam 
Portland  itoiie  and  Hod  (p.  Ml), 


leddiit-bad(p.»7). 


*ha1e,  with  n 

liddle  oolite  (p.  3tt). 

■     of  Argoi 


fBrUith—l  Coialn^of  Bcriuhlra,WllU,  aodTorkihlrelp.SIK}. 
I     Oitbrd  claj.  with  belamnltea  awl  ammonites  Ip.  iVI). 

Kelkiwav  lock  of  VllU  and  Torkahlm,  with  ah^  *1  per  oant. 
DODnnon  to  lower  ooHtr  (p.  SW). 
I  Arwi^it— 1.  Nerinaao  llomtaii*  of  tba  Jan. 
^    Dicera*  linKatone  of  tha  Alps  {p.  38B). 
|'Brilisft-«ambnab  and  fonM  martde  ot  VUta  and  Qlonoeater- 
lUre  (p.  3M). 

Great  oolita  o/ Bradford,  with  encrlnites,  fa.  (p.  3S»). 

Stonedleld  alale  with  mamnial*  and  Araucaria  (p.  iM). 

Puller's  Moth  ofBath  with  Oitr«acii«tiufa  (p.  WSJ. 

Inrerlor  oolite,  with  U  per  caat.  ol  Bhelli  cammoii  to  great 

TTpper  lias,  ai^aoeoiu.  with  AuhhohUm  rinoCuJw,  Spirifer, 

and  Lfptana  (p.  41tl). 
Shala  and  UmeitoDe,  with  Ammoniltt  M/Vsa*  (p.  418). 
Harlstone  aerin,  or  middle  liaa,  dlnbibla  Inte  l£ne  sodo*  with 


Lower  llu,  ^visible  intu  lii  tonca.  Ammmiitm  BacUndi  in 

the  lowert  but  one,  and  A.  plaaorbi*  in  the  Icweat  loue 

(p.M!). 
BWtuA— Penartb,  or  .^nfimZa  oMtoi-eii  badi— Wlilteliu.  with  Oih 

of  the  mnera  Hfiodu;  te.  (p.  V»). 
SolomiUcooiiglaiiiertte  ot Bnuai,-witbTlUeadimttainini;»c. 

(p.  ***). 
Bad  elu,  with  thick  bed*  of  alt,  at  Nortbwich,  in  CbeaUn 

(p.  44fi|. 
Rmuit— Keupar  bad*  of  Gennanj,  with  Jnnvlatn  and  Ibhof 

tbo  saoera  SgbodMt,  Ad.  (p.  4MJ. 
St.  Ciuianor  Hallstadt  beds,  with  rlah  maHm  buna  (p.43£>. 
CoalOeld  of  BkhmoDd.  Viridnb^  with  BMvria  onaia  and 

nianta  resembling  those  of  Buropeao  Keuper  (p.  tU). 
Chatham  coaUleld.  North  CaraUuk  with  LroataaitTimit  (p. 

46*).  ^ 

Bri^ifA— Vantina. 
Arvi^H— Huicbelkalk  of  Qermany.with  Sitarintu  Wa/bniu  and 

Placodui  ffigat  (p.  «M]. 
■trituA— New  red  eandstone  of  lAnnshlre  and  Cheahbe,  with 

LabjirinOiodoa  and  footprfnt*  of  Cheirotheriwm  (p,  44i). 
brwn— Buntar^andsteiu  of  Oermaiii,  with  hiotatepi  of  Labt- 

rUAWUm  (p.  4S8). 
Bed  landatouo  of  Conneoticul  Valley,  with  tootpristi  of  birda 

and  nqitllea  (p.  400). 
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PRIMABT. 
(JWaifu  paiiotoijua). 


PEKMIAN  ^  VBBJKZUr  ( 


orkihira  (p.  *S 

I.  F«iUiAirouiiiiigi]nUalliiia(one,*lth  AMtMIanti/itrnlt 
(p.  *»}. 


1   Umatoos  of  I^Mmonth  dlff.  Ac 


t.  ll>rl4latgofDurhwn,vltbh«terooena1flBli  (p.4W). 

&  InfMor  nndstonea,  irich  plwiti  mambling  tbcae  of  tbe 

wxd,  hut  differing  in  >p«c[«>  (p.  WO), 
bnj^H— 1.  StlDluleiDorTburlugia  (p.  196). 
£.  Eauchwucke,  i^iii.  (p.  4U). 
S.DakimlI«orirpperZc<!)l9t«ln(p.4tl}. 
4,  Zedilein  or  Lower  Zechitein  (p.  Ml). 
B.  HerxBl-^ehlefBr  or  Kupftmchiettr,  vitb  IVneorMiHirw  (p. 

480. 
&  Roth-1ietnnde8i>fThurIiiKis,irithf»nmJM(p,4(|]). 
Uisneaiaii  llmaitoaeg,  Ac.,  of  &uuiR  (p.  MO). 
'BrifitV-Ca*!  raswuna  of  South  Vilea,  vitb  uudercbn  encka- 
aigStifmaria{p.iM). 
Cool  mSMum  of  Coallmnk  Sale  (p.  MO). 
KiUitone  grit  (p.  MI). 
CArbopifbrnu  rocki  of  Tnlind  (p.  M4)- 
fbrvffn— Bl.  Etieniio  cnslfleld.  wltb  enct  Itesil  tieM  (p.  MS). 

CoaiDeldof  SMTbruckwitliilrt'^ '-  ""' 

CarbanifBTOiu  itnU  of  Noh  ft 
l>od-flbeii  Pupa  veiKtia  (p.  fli 
AppalKhimu  eoitlDeld.  TIM  milea  long  4nd  IM  milM  wide,  with 
fCwtprinU  of  CbeirDtberium  (p.90«). 
fA-MM— HaunUinlimeatoDf  ofWiIca  and  South  nf  Bngbnd, 
with  muine  r«ail>.  chieOj  oonli  and  otiiK^da  |p.  Sit). 
Bame  la  BomerxeCah^  and  IrBlaiid,  with  flih-bailii  (p,  (IT). 
Carbonircroui  llraeiCone  at  Soolland  alMrnatii^  with  coal- 
bwiii^  HandaLonei  (p-  Ml). 
[jW«v»-~KDUDta)iiliineitODe  of  Belgium  (p.  SIT). 

Kfaafil-Khlerer  and  Junnre  Grauwacke  of  Germanf,  witli 

Pondtmomya  Becieri  (p.  G18) . 

<  Oypteouabediand  Eacrinltallimntonc^NoTaScotlBCp.  SIR). 

(BriMt-'iiMow  nnditone  of  Dura  Den,  with  Oltpiolamut  (p. 

etl,aa);  aadofKilkeun;  wlthfouilOih  (p.  Ul). 

PiKon  group  of  Mortb  ]>nou,iTi(h  Spiriftr  di^iweiu  (p. 


Pfltherwjr 
(P.6M). 

Forticn — ClrmoDieu-kalk  and  Cypridinim. 

'       (p.a"" 


of  Comwall,  with  Ctj/mmia  and  Ctpridina 
at  Oennaiij 

Ltmutonea  of  the  Flchtelgablrgt,  with  trllobitea  of  the  gfmen 
Sntntet,  to.  (p.  A3a). 
.   Catiklli  and  Chamung  gnup  of  Kew  York,  U.S.  (p.  SM). 
AriluA—Sanditonee  of  For&nhhre  and  Porthahin,  with  Holo- 
ptTchius,Ao.  (p.«£i). 
BltuiainouiKhii>tiofaamrie,Caithiua,Ac„  with  DunwnHU 

Oih  (p.  G17). 
UnfosathtEroui  aeriei  of  North  DerOD  (p.  AM), 
lifnwombe  beds  with  muiy  trllDbLt»  and  conli.  and  with  oa- 
plialop.idi  distinct  frooi  Upper  Devonian  (p.SS*). 
JV>Kwii~BiteI  llmealons  with  UDdeiljring  Hhiita  oontaiaios 
dalctola  (p.  UT|. 
Comlferoiu  riiraulloD  of  Wntsrn  Cauadkaud  New  Tork  (p.US). 
'  Devonluiitntaof  RuBsLa  (p.  GST). 

SW((4A— Arbroath  pailng-econea  with  Ctp^^oMpit,  Plamolat, 
and  Pants  (p.  UT). 
Lower  widaiDnei  irf  Caithne*  with  Pttrtevtut  (p.  St9). 
Saodatonea  and  alata  of  the  ForoLand  and  LiEit4irx  (p.  AST), 
Bandilona  of  TorqiU7  with  bmd-wingal  SpirifGn  (p.  ES7}. 
fbnipii— South  AfHeaa  Devooian  itrata  with  Samalmottu,  ie. 
Oi&LKij' maitimiit  of  WHtem  Canada  and  New  York  (p. 


ogic 
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f  Brititli—Vppt^t  Ludlow  formitlon,   Downton  MndnoDe, 

]         bon«-b«Ln  tbeupparpBTt  jffTeynE''"' "^  m..-  .. 

I  arictila  (p.  MS-flf, 

[T  Ludlow  formition,  oomnrtitui  ArroMtry  linie«tonB 

fri/H>  aHala    «11h   nTJaat    Vnnwo   A<Ti  Hnn«n>  /n     Ul  I 


Ludlow 


TDVtonfl  mnd 
{p.  »1). 


with  oMi 
llmMtODe,  with  tri1oliil«,  )u.  (] 
j     Wsnlork  itule,  with  paptolitet  (p.  &»}. 
WoolhQpe  liniHtaaBuid  grit  (p.  U«). 
Hirnirii— NlBKaim  UnmtoQe,  witb  Caitmsme,  Samalenohu,  Ac. 
V        (p.  M6). 


Siluriaa  atnta  of  Buula,  witb  Pmtamem  (p.  Ht). 


,Brf< 


.  tA-Candoc  and  BaUbedi,  with  IWauku  Caraetaet,  kc 
I         (p.  5181. 

Llindella  flui,  with  gniptatitci  kud  intentntlAsd  Tolomic 
luffi  (p.Mn), 
I     Lower  LlMidnlla  or  Anmlit  fansUiDn,  witb  DUhrmiygropiua 
>         ffnuHiiu,  and  tnteritTftttfled  loloaiilc  tujh  (p.  sajf. 
I  PortiffH—VDguMU!  or  Obolua  pit  or  Kuina  (p.  MB). 
{      Uudun  rltersroup  and  Trenton  limstona  <^  North  Atneri<». 
I         witb  7Vm'ia!«M.  Ac^  and  Black  Biier  limiatoae,  with  large 
\        Ortto«7-M(p.M7). 

Orlhoc«n>  limettone  oT  Sweden  (p.  UT). 

ri(«*— Tremsdoc    ilatn,   with    trlloWtos  of  grener^  PwOy 

Silurisii,  partly  "  primonllal  of  Barraiide  "  (p.  fiTl). 
LliigulA  IU(t«  with  Iiiitgi^  Oaviiii  (p,  E7>). 
n.r«ija— ■■  Primordial "  tone  of  Bohomi*,  with  trilobitM  ot  the 
freneim  i'aradoridn,  Ac,  (p.  &&&) . 
AluiD  Mhiiti  of  Sweden  uid  Norw»;  (p.  II781. 
PotHliimividitoae.wilhl'iMiMMiiAa'Mind  OioUIa  (p.BTB}. 
Qufb«  poup  with  mixed  turn*,  remnhling  tlul  of  Lower 
Llandeilo  aud  Trepudoo  gnwpa  (p.  57S). 


J^nviira— Huronlaa  *crle«  uf  Cinada  (p.  S78J. 

SrUtiik— Fundamtatal  Eneiu  or  the  Bebrldaa?  (p.  G80). 

Un»nth«ne  rocki  of  Sk^e  I  (p.  iltj. 
j^ntiffn— Lahrtdorlte  *erl«  ooTth  of  the  rlTar  BC 

Adirondack  mountaliu  of  New  Torfc  (p.  179). 


8n<uA— Vutlng.  (?) 

Fareiffii — Bf^of  gn^vaand  quartalle,  with  Interstratlfled  lime- 

-' ' of  which,  IJWO  feet  thick,  occura  »  tornnioifar 

"     ildnl  known  fOMil(p,l>T*). 
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CHAPTER  X. 

KECEHT  MXD  POST-FLIOCENE  PERIOSB. 

BcMiit  and  Poit-pliocenB  periodi —  Termi  deflnid  —  FomiBtioiiB  of  the  Bceent 
period — Modern  litloral  depoaiU  oonUuning  workl  of  art  near  Napla  —  Dsoitb 
peat  and  ihelt  moonda — SwiM  lak»-dwsllingi  —  Periodi  of  none,  broDM.  and 
iron— Fonn  of  boman  nkolla  of  the  Becent  period  — FuH-plioceoe  fonnationa — 
Coexialence  of  mui  with  exiioct  mammalia — Higbei  and  Loirer-lcTel  Talle;* 
granli — Locaa  or  ianndation  mad  of  the  Nile,  Rhine,  &c. — Antiquity  ofpost- 
pliocene  loke-terracea  in  Swilzerland — Upraited  marine  atrata  in  Sardinia — 
Origin  of  caTenu—BemaiDi  of  man  and  extinct  quadrapeda  in  cavern  drpoaiu 
— Care  of  Kirkdile  —  Keindeei  period  of  aoatb  of  France — Anairalian  raie- 
brecciai  —  Geographical  relationahip  of  the  provincea  of  liTing  vertcbrata  and 
thoae  of  extinct  Poat-pliocene  apeciei— Gxtincl  atrnlhiooa  birda  of  New  Zealand 
— Fluctnationa  of  climate  in  Foat-glacial  period  —  CompBTative  longevity  of 
qieciei  in  the  mammalia  and  te«lAcea  —  Teeth  of  Beceot  and  Foat-pliocene 

From  the  geQersl  Ubles,  givea  at  the  end  of  the  last  chapter,  the 
reader  will  have  learnt  that  the  uppermost  or  newest  stratft  are 
called  Post- tertiary,  ae  being  more  modem  than  the  Tertiar;.  It 
will  also  be  obserred  that  the  Post-tertiary  formations  are  divided 
into  two  subordinate  gronps :  the  Becent,  and  Post-pliocene.  In 
the  former,  or  the  Recent,  the  mammalia  as  well  as  the  shells  are 
identical  with  species  now  living  ;  whereas  in  the  Post-pliocene  a 
pan,  and  often  a  considerable  part,  of  the  mammalia  belong  to  ex- 
tinct speciea.  To  this  nomenclature  it  may  be  objected  that  the  term 
Post-pliocene  should  in  strictness  include  all  geological  moDuments 
poalerior  in  date  to  the  Pliocene;  but  when  I  have  occasion  to  speak 
of  the  whole  collectively,  I  shall  call  them  Post- tertiary,  and  reserve 
the  term  Poet-pliocene  for  the  older  Post-tertiary  formations,  while 
the  Upper  or  newer  ones  will  be  called  "  Recent-" 

Caees  will  occur  where  it  may  be  scarcely  possible  to  draw  the 
boondary  line  between  the  Recent  and  Post-pliocene  deposits  ;  and 
we  must  expect  these  difficulties  to  increase  rather  than  diminish 
with  every  advance  in  our  knowledge,  and  in  proportion  as  gaps  are 
fiUed  np  in  the  series  of  records. 

la  1839  I  proposed  the  term  Pleistocene  as  an  abbreviation  for 
Newer  Pliocene,  and  it  soon  became  popular,  having  been  adopted  bj 
the  late  Edward  Forbes  in  his  admirable  essay  on  "  The  Geological 
Relations  of  the  existing  Fauna  and  Flora  of  the  British  Isles ;"  but 
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he  applied  the  fenn  Blmogt  precisely  in  the  senw  in  which  I  shall 
ase  Post-pliocene  in  this  volnme,  and  not  as  short  for  Newer  Plio- 
cene. In  order  to  prevent  confusion,  I  think  it  best  entirel^r  to 
abstain  fVom  the  use  of  Pleistocene  in  this  work,  for  I  find  that  the 
introduction  of  such  a  fourth  name  (unless  restricted  solely  to  the 
older  Post-tertiary  foliations)  must  render  the  use  of  Pliocene, 
in  its  original  extended  sense,  impossible,  and  it  is  often  almost 
indispensable  to  have  a  single  term  to  comprehend  both  diviuons 
of  the  Pliocene  period.* 

SECEKT  PEBIOO. 

It  wu  stated  in  the  sixth  chapter,  when  I  treated  of  denudatioD, 
that  the  dry  land,  or  that  part  of  the  earth's  snrface  which  is  not 
covered  by  the  waters  of  lakes  or  seas,  is  generally  wasting  away  by 
the  incessant  action  of  rain  and  rivers,  and  in  some  cases  hy 
the  andermining  and  removing  power  of  waves  and  tides  on  the  Be> 
coast  But  the  rate  of  waste  is  very  unequal,  since  the  level  and 
gently  sloping  lands,  where  they  are  protected  by  a  continuooB 
covering  of  vegetation,  escape  nearly  all  wear  and  tear,  so  that  they 
may  remain  for  ages  in  a  stationary  condition,  while  the  removal  of 
matter  is  constantly  widening  and  deepening  the  intervening  raviaea 
and  valleys. 

The  materials,  both  fine  and  coarse,  carried  down  annnally  by 
rivers  from  tbe  higher  regions  to  the  lower,  and  deposited  in  succes- 
sive strata  in  tiie  basins  of  seas  and  lakes,  mnst  be  of  enormoiu 
volume.  We  are  always  liable  to  underrate  their  magnitude,  be- 
cause the  accumulation  of  strata  is  going  on  out  of  sight 

There  are,  bowerer,  causes  at  work  which,  in  the  course  of  cen- 
turies, tend  to  render  [visible  these  modem  formations,  whether  of 
marine  or  lacustrine  origin.  For  a  large  portion  of  the  earth's 
crust  is  always  undergoing  a  change  of  level,  some  areas  rising  and 
others  sinking  at  the  rate  of  a  few  inches,  or  a  few  feet,  perhaps 
sometimes  yards,  in  a  centnry,  so  that  spaces  which  were  once 
subaqneouB  are  gradually  converted  into  land,  and  others  which 
were  high  and  dry  become  submerged.  In  consequence  of  such 
movements  we  find  in  certain  regions,  as  in  Cashmere  for  example, 
where  the  mountains  are  often  shaken  by  earthquakes,  deposits 
which  were  formed  in  lakes  in  the  historical  period,  but  through 
which  rivers  have  now  cut  deep  and  wide  cbaonels.  In  lacustrine 
strata  thus  intersected,  works  of  art  and  freshwater  shells  are  seen. 
In  other  districts  on  the  borders  of  tbe  aea,  usually  at  very  moderate 
elevations  above  its  level,  raised  beaches  occur,  or  marine  littoral 
deposits,  such  as  those  in  which,  on  the  borders  of  the  Bay  of  Baise, 

*  irg«>l<^i8li  stilt  think  it  convenient  the  lome what  vague  manner  icvhich  it 

to  retain  the  term  Pleistocene,  I  would  was  applied  by  Edvord  Forbes,  bat  in 

recommend  them  to  nm  it  not  in  tbe  place  of  PoM-pliocea«  as  this  term  it  d«- 

leuie  originall;  ptoposed  b;  me,  nor  in  fined  in  the  prewol  work. 
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near  Naples,  the  well-known  temple  of  Serais  was  embedded.  In 
that  ease  the  date  of  the  monomentB  buried  in  the  mitrine  strata  is 
ncflitainable,  but  in  many  other  instaaceB,  the  exact  age  of  the  re- 
raaiiH  of  hnman  irorkmanship  is  uncertain,  as  in  the  eetuaiy  of 
the  Clyde  at  Gla^ow,  where  many  canoes  have  been  exhumed,  with 
other  works  of  art,  all  assignable  to  some  part  of  the  recent  period. 

On  the  coast  of  Cornwall,  at  Fentuan,  near  St.  Austell,  and  at 
Camon  in  the  same  county,  at  the  depth  of  53  feet,  human  skulls 
have  been  met  with  beneath  marine  strata,  io  which  the  bonee  of 
whales,  and  of  several  land  quadrupeds,  all  of  living  species,  were 
embedded. 

Danith  peat  and  thell  mounds,  or  iitchen-middens. — Sometimes 
we  obtsaa  evidence,  without  the  aid  of  a  change  of  level,  of  events 
which  took  place  in  pre-historic  times.  The  combined  labours,  for 
example,  of  the  antiquary,  coologist,  and  botanist  have  brought  to 
l%ht  many  monuments  of  the  early  inhabitants  buried  in  peat- 
mosMs  in  Denmark.  Their  geological  age  is  determined  by  the  fact 
that,  not  only  the  contemporaneous  freshwater  and  land  shells,  but 
ill  the  qaadrupede,  found  in  the  peat,  agree  specifically  with  those 
now  inhabiting  the  same  districts,  or  which  are  known  to  have  been 
indigenouB  in  Denmark  within  the  memory  of  man.  In  the  lower  beds ' 
of  peat  (a  deposit  varying  irom  20  to  30  feet  in  thickness),  weapons 
of  stone  accompany  trunks  of  the  Scotch  fir,  Fimu  tylvtttrU,  while 
in  the  higher  portions  of  the  same  bogs,  bronze  implements  are 
uaociated  with  trunks  and  acorns  of  the  common  oak.  It  appears 
that  the  pine  has  never  been  a  native  of  Denmark  in  historical 
times,  and  it  seems  to  have  given  place  to  the  oak  about  the  time 
when  articles  and  instruments  of  bronze  superseded  those  of  stone. 
It  also  appears  that,  at  a  still  later  period,  the  oak  itself  became 
■caree,  and  was  nearly  supplanted  by  the  beech,  a  tree  Ivbich  now 
fionrisfaea  luxuriantly  in  Denmark.  Again,  at  the  still  later  epoch 
when  tbe  beech  tree  abounded,  tools  of  iron  were  introduced,  aoA 
were  grtKiually  substituted  for  those  of  bronae. 

On  the  coasts  of  the  Danish  islands  in  the  Baltic,  certain  mounds, 
called  in  those  countries  "Kjdkken-mddding,"  or  "kitchen-middens," 
ocenr,  consisting  chiefly  of  the  castaway  shells  of  the  oyster,  cockle, 
periwinkle,  and  other  eatable  kinds  of  moUusks.  These  mounds  are 
from  3  to  10  feet  high,  and  irom  100  to  1000  feet  in  their  longest 
diameter.  They  greatly  resemble  heaps  of  sheila  formed  by  the  fied 
Indians  of  North  America  along  the  eastern  shores  of  tlie  United 
States.  In  tbe  old  refuse-heaps,  recently  studied  by  the  Danish 
Ba(iqaari«8  and  naturalists  with  great  skill  and  diligence,  no  imple- 
loents  of  metal  have  ever  been  detected.  All  the  knives,  hatchets, 
■nd  other  tools,  are  of  stone,  horn,  bone,  or  wood.  With  them  are 
often  intermixed  fragments  of  rude  pottery,  charcoal  and  cinders, 
ud  the  bones  of  quadrupeds  on  which  the  rude  people  fed.  These 
bones  belong  to  wild  species  still  living  in  Europe,  thoogh  some  of 
them,  like  the  beaver,  have  long  been  extirpated  in  Denmark.  Tbe 
only  animal  which  they  saem  to  have  domesticated  was  the  dog. 
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As  there  is  an  entire  absence  of  metallic  tools,  these  refase-heaps 
are  referred  to  what  is  called  the  age  of  stone,  which  immediatelj 
preceded  in  Deamark  the  age  of  broDze — a  race  more  advanced  in 
ciTilJBation,  armed  with  weapons  of  that  mixed  metal,  haTing  appa- 
rently invaded  Scandinavia,  and  ousted  the  aborigines.* 

Laciatrint  kabitatioiu  of  Sioitzerland. — In  Switzerland  a  difi^rent 
class  of  monuments,  illustrating  the  successive  ages  of  stone,  broDze, 
and  iron,  has  been  of  late  years  investigated  with  great  success,  and 
especially  since  1854,  in  which  jeai  Dr.  F.  Keller  explored  near  the 
shore  at  Meilen,  in  the  bottom  of  the  lake  of  Zurich,  the  ruins  of 
an  old  village,  originally  built  on  numerous  wooden  piles,  driven,  at 
Home  unknown  period,  into  the  muddy  bed  of  the  lake.  Since  then 
a  great  many  other  localities,  more  than  a  hundred  and  fifty  in  all, 
have  been  detected  of  similar  pile-dwellings,  sitnat«d  near  the  bor- 
ders of  the  Swiss  lakes,  at  points  where  the  depth  of  wat«r  does  not 
exceed  15  feet.t  The  superficial  mud  in  sncb  cases  is  filled  with 
various  articles,  many  hundreds  of  them  being  often  dredged  ap 
from  a  very  limited  area.  Thousands  of  piles,  decayed  at  their 
upper  extremities,  are  often  met  with  still  6rmly  fixed  in  the  mud. 

Herodotus  relates  that  in  the  time  of  Darius  (about  520  B.C.) 
there  existed  a  similar  settlement  in  the  middle  of  Lake  Prasios 
(probably  now  I<ake  Takinos),  in  Poeonia,  or  in  the  modem  Turkish 
province  of  Roumelia.  "The  houses,"  he  says,  "were  built  on  aplat- 
form  of  wood  supported  by  wooden  stakes,  and  a  narrow  bridge, 
which  could  be  withdrawn  at  pleasure,  communicated  with  the 
shore. ":t  "  ^^enman,"  saysMorlot,§  "thus  stationed  his  dwellings 
on  piles,  all  the  refuse  of  his  industry  and  of  his  food  were  naturally 
thrown  into  the  lake,  and  were  often  well  preserved  in  the  mud  at 
the  bottom.  If  occasionally  euch  eatablishmeats  were  burnt,  whether 
intentionally  by  the  enemy,  or  by  accident,  a  vast  quantity  and 
variety  of  articles,  including  some  of  great  value,  would  sink  to  the 
bottom  of  the  waters.  Such  aquatic  sites  were  probably  selected  as 
places  of  safety,  since,  when  the  bridge  was  removed,  they  could 
only  be  approached  by  boats,  and  the  water  would  serve  for  protec- 
tion alike  against  wild  animals  and  human  foes." 

As  the  ages  of  stone,  bronze,  and  iron  merely  indicate  successive 
stages  of  civilisation,  they  may  all  have  coexisted  at  once  in  different 
parts  of  the  globe,  and  even  in  contiguous  regions,  among  nations 
having  little  intercourse  with  each  other.  To  make  out,  therefore, 
a  distinct  chronological  series  of  monuments  is  only  possible  when 
our  observations  are  confined  to  a  limited  district,  such  as  Switz- 
erland ;  and  the  distinctness  of  date  becomes  more  striking  when  a 
settlement  like  that  of  Uoosseedorf,  near  Berne,  belonging  exdusivd j 

*  Se«  thQ  vortu  of  Niluon,  Thorn-  IBflO;  and  Antiquity  of  Uu,  by  th« 

nn.  WuMae,  Sceeaitrnp,  aod  oifaen.  AaUior,  eb.  ii. 
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to  the  age  of  atooe,  is  smrounded  hj  a  great  many  others  all  re- 
ferable to  the  period  of  bronze.  The  number  of  ot^ecta  found  at 
Moooseedorf  exceeds  two  thousand,  among  wbicii  no  metallic  ones 
were  obeerved.  At  Wangen,  on  the  Lake  of  Constance,  more  than 
1300  articles  of  stone,  bone,  and  pottery  were  collected,  vithont 
the  intermixture  of  a  single  utensil,  instrument,  or  orasment  of 
bronze.  In  other  lakes,  as  in  those  of  Bienne  and  Geneva,  there 
are  settlements  where  the  number  of  bronze  articles  ia  equally 
nomerans,  with  a  very  slight  admixture  of  weapons  of  stone. 

The  relative  antiquity  of  the  pile-dwellings,  which  belong  respec- 
tively to  the  ages  of  stone  and  bronze,  is  also  clearly  iUuetrated  by 
the  association  of  the  tools  with  certain  groups  of  animal  remains. 
Where  the  tools  are  of  stone,  the  castaway  bones  which  served  for 
the  food  of  the  ancient  people  are  those  of  deer,  the  wild  boar, 
and  «rild  ox,  which  abounded  when  society  was  in  the  hunter  state. 
But  the  bones  of  the  later  or  bronze  epoch  were  chiefly  those  of 
the  domestic  ox,  goat,  and  pig,  indicating  progress  in  civilisation. 
Some  villages  of  the  stone  age  are  of  later  date  than  others,  and 
exhibit  signs  of  an  improved  state  of  the  arts.  Among  their  relics 
are  discovered  carbonised  grains  of  wheat  and  barley,  and  pieces  of 
bread,  proving  that  the  cultivation  of  cereals  had  begun.  In  the 
same  settlements,  also,  cloth,  made  of  woven  flax  and  straw,  has  been 
detected. 

To  the  Swiss  pile-buildings  of  the  bronze  age  belong  manofac- 
tnred  objects  which  display  a  very  decided  superiority  in  beauty  of 
form,  and  ornamentation,  when  contrasted  with  those  of  the  ante- 
cedent age  of  stone.  In  one  village  at  Nidau,  on  the  lake  of  Bienne, 
a  great  number  of  axes,  lances,  sickles,  fish-hooks,  and  bracelets, 
altogether  nearly  two  thousand  articles,  have  been  obtained,  and 
with  tbem  some  few  implements  of  stone.  These  last,  dredged  up 
frran  the  same  site,  may  perhaps  have  been  used  simultaneously ;  or 
possibly  the  same  village,  founded  in  the  age  of  stone,  may  have 
continued  to  flourish  in  the  succeeding  period  of  bronze."  The 
pottery  of  the  bronze  age  in  Switzerland  is  of  a  finer  texture,  and 
more  elegant  in  form,  than  that  of  the  age  of  stone.  At  Nidau, 
articles  of  iron  have  also  been  discovered,  so  that  this  settlement 
was  evidently  not  abandoned  till  that  metal  had  come  into  use. 

At  La  Thgne,  in  the  northern  angle  of  the  lake  of  Neufchatel,  a 
great  many  articles  of  iron  have  been  obtained,  which  in  form  and 
ornamentation  are  entirely  different  botii  from  those  of  the  bronze 
period  and  from  those  used  by  the  Romans.  G-aulish  and  Celtic 
coina  have  also  been  found  there  by  MM.  Schwab  and  Desor.  They 
agree  in  character  with  remains,  including  many  iron  swords,  which 
have  been  found  at  Tiefenau,  near  Berne,  in  ground  supposed  to 
have  been  a  battle-field ;  and  their  date  appears  to  have  been  anterior 
to  tke  great  Roman  invasion  of  Northern  Europe,  though  perhaps 
not  long  before  that  event,  j* 
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The  period  of  broDie  muBt  have  been  one  of  forei^  commerci^ 
he  tin,  which  enters  into  this  metallic  mixture  in  the  proportion  of 
aboat  ten  per  cent,  to  the  copper,  wa«  obtained  bj  the  ancienU 
chiefly  from  Cornvall.  From  that  country  it  is  supposed  to  have 
been  supplied  at  one  time  by  the  Phronicians  to  the  Greeks,  as  well 
as  to  all  the  inhabitants  of  the  eastern  shores  of  the  Mediterranean. 
Even  the  tin  said  to  have  come  from  Iberia,  or  Spain,  is  imagined 
by  many  antiquaries  to  have  been  first  shipped  from  the  Casaiterides, 
or  Cornwall,  to  Cadiz."  At  a  later  period  we  learn  from  Diodorai 
that  ingots  of  tin  were  shipped  from  Iktie,  or  St  Michael's  MoodI, 
in  Cornwall,  and  conveyed  over  the  channel  to  the  opposite  coast,  and 
thence  on  the  backs  of  horses  across  Gaul,  in  about  thirty  days,  lo 
Massilia  or  Marseilles,  IVom  whence  the  Romans  obtained  iLf 

The  Greeks  are  described  by  Homer  in  the  Iliad  as  armed  with 
XaXmc,  usually  translated  brass,  which  is  now  ascertained,  by  a  pre- 
cise analysis  ot  ancient  Greek  armour  and  coins,  to  have  consisted 
not  of  copper  and  zinc,  but  of  copper  and  tin,  or  what  we  now  call 
bronze.  Contemporaneously  with  bronze,  iron  was  also  in  use  among 
the  ancients,  even  from  very  remote  times  ;  but  so  long  as  the  art  of 
making  steel  by  blending  iron  in  certain  chemical  proportions  with 
carbon  was  unknown,  or  still  in  its  infancy,  bronxe  seems  to  have 
competed  successfully  with  iron  in  the  construction  of  all  catting 
implements.  The  best  definition,  perhaps,  of  the  age  of  iron  yet  pro- 
posed, is  that  which  describes  it  as  the  period  when  this  metal  had, 
for  the  most  part,  superseded  bronae  in  all  instruments  requiring  a 
sharp  cutting  edge.  It  is  remarkable  that  in  Herculaneam  and 
Pompeii,  which  were  buried  nnder  the  asbes  of  Vesuvius  in  the  year 
79,  nearly  a  thousand  years  after  HMuer'stime,  the  prevailing  metal 
of  which  the  agricultural,  culinary,  and  even  the  surgical  inatnunenti 
are  made  was  bronae  ;  although  articles  of  iron  are  by  no  means 
wanting  among  the  relics  found  in  those  ancient  cities.  In  Tran* 
sylvania  and  Hungary,  sccording  to  KeHer,  an  age  of  capper  in- 
struments intervened  between  that  of  stoae  and  bronze. 

In  estimating  the  degree  in  which  iron  and  bronze  prevuled  is 
prehistoric  ages,  we  are  in  some  danger  of  being  misled  by  the  great 
durability  of  the  one  metal,  and  the  facility  with  which  tbeother,  or 
the  iron,  is  decomposed.  But  if  iron  be  corroded  in  large  quantities 
by  oxidation,  it  would  usually  betray  itself  to  the  geologist  by  acting 
as  a  cement,  and  binding  together  the  particles  of  aand,  gravel,  mud, 
and  shells  in  which  it  lay.  A  cylindrical  coating  of  such  materials 
has  sometimes  been  found  encircling  cannon  and  gnn-barrela,  the 
further  corrosion  of  which  seems  to  hare  been  arrested  by  such  an 
envelope.} 

Human  remmtu  of  tlie  recent  period. — Very  few  human  bones 
of  the  bronze  period  have  been  met  with  in  the  Danish  pea^  or  in 

*  Sir  O.Cornwall  Lewit,AitroDomy  ap  in  Falmouth  Harbour.    Bojal  In. 
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tba  Siriu  Uke^w^ings,  and  this  scarcity  is  generatlj-  attributed 
hj  irchsologists  to  tbe  custom  of  burning  the  dead,  which  prevailed 
in  the  age  of  bronie.  In  the  antecedent  era  of  stone,  the  primitive 
popolatioD  of  the  North  are  said  to  hare  buried  their  dead  in  sepal- 
dml  Tuilts,  corefntly  constructed  of  large  undressed  blocks  of  stone. 
Froni  such  buriaUplacee  many  skulls  have  been  obtained  by  Scandi- 
■iviMi  ethnologists,  which  show  that  the  ancient  race  bad  small 
leads,  reourkably  rounded  in  every  direction,  but  with  a  facial  angle 
Utoably  lai^e,  and  a  well-der eloped  forehead.  (See  figure  104.) 
Similar  skulls  have,  according  to  Retains,  been  discovered  in  France, 
Ireland,  and  ScoUaod,  and  they  are  so  like  those  of  the  modern  Lap- 
luden,  as  to  have  su^ested  the  idea  that  the  latter  were  the  last  sur- 
mora  of  tbe  stone  period  in  the  north  of  Europe.  The  Laplanders 
btTB  nsually  been  considered  as  an  extreme  branch  of  the  Mongolian 
nee. 

The  cranial  type  t>£  the  bronze  age  is  not  yet  well  known,  but 
with  the  introductioa  of  iron,  the  custom  of  burying  tbe  dead  was 
nmned,  and  with  it  a  new  form  of  skull  appears,  resembliog  that 


now-a-days  most  common  in  Europe.  As  seen  in  fig,  105.,  it  is 
^galed  fore  and  aft,  has  a  forehead  somewhat  retreating,  and 
tomsponds  with  what  is  oftwi  called  the  Celtic  type." 


POBT-PUO€Ell»  PEBtOD. 

From  the  foregoing  obMrvations  we  may  infer  that  the  ages  of 
■iw  wd  bronse  in  Northern  and  Central  Europe  were  preceded  by 
*  none  ^c^  referable  to  tbe  recent  division  of  tbe  post-tertiary 
^li,  as  determined  by  the  organic  remains  wbich  accompany  the 
(Uk  implaneDta.  Bnt  memcvialB  have  of  late  been  brought  to  light 
<^sstill  older  age  of  stone,  when  man  was  contemporary  in  Europe 
*iib  (he  elephant  and  rhinoceros,  and  varioua  other  animals,  of 
■hteb  maay  of  the  most  conspicuous  have  long  since  died  out.    The 
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aliuvial  nod  marine  deposits  of  thig  remoter  age,  the  earliest  to  which 
Any  vestiges  of  idbd  have  yet  been  traced  back,  belong  to  a  time 
when  the  physical  geography  of  Europe  differed  in  a  more  marked 
degree  from  that  now  prevailing  than  during  the  later  part  of  the 
post-tertiary  period,  when  the  valleys  and  rivers  coincided  almost 
entirely  with  those  by  which  the  present  drainage  erf  the  land  is 
carried  on,  and  when  the  pest-mosses  were  the  same  as  those  now 
(.■rowing.  So,  also,  the  situation  of  the  sheU-mounds  and  lake- 
dwellings  above  alluded  to  is  such  as  to  imply  that  the  topography 
of  each  district  where  they  are  observed  has  not  subsequently  under- 
■rone  any  material  alteration.  In  some  exceptional  cases,  it  is  true, 
a  marked  change  has  been  brought  about  by  the  rising  or  ainking  of 
tlie  earth's  crust  in  the  neighbourhood  of  the  sea,  so  that  rused 
beaches  occur  at  moderate  heiglits  rardy  exceeding  twenty^five  feet 
iibove  high-water  mark  ;  or  in  other  places  submerged  forests  are 
Feen  at  low  water,  skirting  the  coasts  ;  and  we  joay  take  for  granted 
that  similar  or  even  greater  movements  have  been  experienced  f^r 
inland  within  the  same  era,  although  we  cannot  recognise  them,  or 
iippreciate  their  magnitude,  for  want  of  a  standard  of  measurement 
such  as  that  which  the  contiguity  of  the  ocean  affords.  These 
morements,  whether  vpward  or  downward,  have  affected  somewhsi 


uniformly  very  wide  areas,  bo  as  not  greatly  to  derange  the  local 
features  of  such  an  extent  of  country  as  the  eye  can  embrace  at  one 
view.  But  we  no  sponer  examine  the  post-pliocene  formations  in 
which  the  remains  of  so  many  extinct  mammalia  are  found,  than  we 
at  once  perceive*  more  decided  discrepancy  between  the  former  mid 
present  outline  of  the  surfai-c.  .Since  those  deposits  origiaated, 
<-hanges  of  considerable  magnitude  have  been  effected  in  the  depth 
and  width  of  many  valleys,  as  also  in  the  direction  of  the  superficial 
and  subterranean  drainage,  and,  as  is  manifest  near  the  sea-coast,  in 
the  relative  position  of  land  and  water.  In  the  annexed  diagram, 
(fig.  106.)  un  ideal  section  is  given,  illustrating  the  different  position 
which  the  recent  and  post-pliocene  alluvial  deposits  occnpy  in  many 
European  valleys. 
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The  peat  No.  1  has  been  found  in  a  low  part  of  die  modem  alla- 
v'lti  pUiii,  in  parts  of  which  gravel  No.  2  of  the  recent  period  is 
Men.  Orer  thia  gravel  the  loam  or  fine  sediment  2'  has  in  many 
pUces  been  deposited  by  the  river  dnring  floods  which  covered 
marly  the  whole  alluvial  plain. 

No.  3  represents  an  older  alluvium,  composed  of  aand  and  gravel, 
fonoed  before  the  valley  had  been  excavated  to  its  present  depth. 
It  contains  the  remains  of  fluviatile  sheUs  of  living  species  associated 
with  the  bones  of  mammalia,  in  part  of  recent  and  in  part  of  ex- 
tinct species.  Among  the  latter,  the  mammoth  (£1  primiffeniut) 
ud  Siberian  rhinoceros  {R.  itehorAuuii)  are  the  most  common  in 
Europe.  No.  3'  is  a  remnant  of  the  loam  or  brick,  earth  by  which 
No.  3  was  overspread.  No.  4  is  a  still  older  and  more  elev&tra 
Krrace,  similar  in  its  composition  and  organic  remains  to  No.  8,  and 
roTeied  in  like  manner  with  its  inundation  mnd,  4'.  Often  there  is 
only  one  of  theee  valley  gravels  of  older  date^  and  occasionally  there 
we  more  than  two,  marking  asjnany  saccessive  stages  in  the  exca- 
TUion  of  the  valley.  They  usually  occur  at  heights  varying  from 
10  to  100  feet,  sometimes  cm  the  right  and  sometimes  on  the  left  side 
of  the  existing  river-plain,  but  rarely  in  great  streDgth  on  exactly 
opposite  sides  of  the  valley. 

Among  the  genera  of  extinct  qnadn^ieds  most  frequently  met 
with  in  England,  France,  Germany,  and  other  parts  of  Europe,  are 
Slepkai,  tthinoMrot,  Hippopotavius,  Eqitut,  Meffocerot,  Urstu, 
Ftlk,  and  Ifyana.  In  the  peat  No.  1  (fig.  106.)  and  ia  the  more 
aodem  gravel  and  silt  (No.  2),  works  of  art  of  the  ages  of  iron  and 
hnmie,  and  of  what  we  may  call  the  "  later  stone  period,"  already 
^f^bed,  are  met  with.  In  the  more  ancient  gravels,  i  and  4  (fig. 
'D&),  there  have  been  found  of  late  years  iu  several  valleys  in  France 
ud  England,  as,  for  example,  in  those  of  the  Seine  and  Somme,  and 
of  the  Thamea,  and  Ouse,  near  Bedford,  stone  implements  of  a  rude 
type,  showing  that  man  coexisted  in  those  districts  with  the  elephant 
iDd  other  extinct  quadrupeds  of  the  genera  above  enumerated. 

Sereral  geologists  had  come  to  the  conclusion,  about  the  close  of 
■lie  last  and  banning  of  the  present  centary,  that  certain  human 
Kmaiiu  embedded  in  the  mud  and  breccia  of  caves  were  as  old  as 
'be  extinct  mammalia  with  which  they  were  associated.  But  the 
'lidence  of  such  high  antiquity  was  not  generally  received  as  satis- 
fuiory,  seeing  that  so  many  caves  had  been  inhabited  by  a  socceasion 
'<f  tenants,  and  selected  by  man  as  places  both  of  domicile  and  of 
-^poltare,  while  suites  of  caverns  have  also  served  as  the  ehannels 
itiroggh  which  underground  rivers  have  flowed  ;.  so  that  the  remains 
"flinng  beings  which  peopled  the  district  at  more  than  one  era 
ntf,  at  a  later  date,  have  been  mingled  and  confounded  together  in 
"<K  uid  the  same  deposit.  But  in  1847,  M.Boucher  do  Perthes 
'^•erred  in  an  aocimt  alluvium  at  Abbeville  in  Ficardy,  the  bones 
''fextinct  mammalia  associated  in  such  a  manner  with  flint  imple- 
nente  of  a  mde  type  as  to  lead  him  to  infer  that  both  the  organic  re- 
"uiai  and  the  works  of  art  were  referable  to  one  and  the  same  period. 
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This  iaference,  though  questioned  for  b  time,  was  soon  confirmed  by 
fresh  observations  mtide  by  Dr.  Rigollot,  at  Amiene,  and  all  doubts 
were  finally  cleared  up  iu  1859,  by  Mr.  Preatwich,  who  found  a  flint 
tool  in  situ  in  the  same  stratum  at  Amiens  that  contained  the  remuni 
of  extinct  mammalia.  Geologists  were,  moreover,  better  prepared  to 
accept  Buch  proofs  of  the  coexistence  of  man  with  the  ancient  fauna 
in  coneequencB  of  the  more  exact  data  obtained  fpom  the  ezploratioa 
of  the  Brixham  cave  in  1860,  to  be  mentioned  in  the  seqoeL 

The  flint  implements  found  at  AMuville  and  Amiens  are  most  of 
them  considered  to  be  hatcbets  and  Bpear-beads,  and  are  dififerent 
from  those  commonly  called  "  Celts,"  These  c^ts,  so  often  ibnnd  in 
the  recent  formations,  have  a  more  regular  oblong  shape,  the  remit 
of  grinding,  by  which  also  a  sharp  edge  has  been  given  to  them.  The 
Abbeville  tools  found  in  gravel  at  different  levels,  as  ia  Nob.  3  and 
4,  fig.  106.,  in  which  booes  of  the  elephant,  rhinoceros,  and  othtir 
extinct  mammalia  occur,  are  always  unground,  having  evidently 
been  brought  into  their  present  form  simply  by  the  chipping  off  of 
fragments  cJ  flint  by  repeated  lilows,  sucdi  as  cotdd  be  given  l^  a 
stone  hammer. 

Some  of  them  are  oval,  others  of  a  epear-beaded  form,  no  two 
exactly  ^ike,  and  yet  the  greater  number  ef  each  kind  are  obviously 
fashioned  ^ier  Hib  same  general  pattern.  Hieir  outer  surface  is 
often  white,  the  original  black  flint  having  been  discoloured  and 
bleached  by  exposure  to  the  air,  or  by  the  action  of  acids,  aa  they 
lay  in  the  graveL  They  are  most  commonly  etUBed  of  the  same 
ochreouB  colour  as  the  flints  of  the  gravel  in  which  they  are  em- 
bedded. Occasionally  their  antiquity  is  indicated  not  only  by  tlteir 
colour  but  by  superficial  incrustations  of  carbonate  of  lime,  or  by 
dendrites  formed  of  oxide  of  iron  and  muiganese.  The  edges  also 
of  most  of  them  are  worn,  either  by  having  been  used  as  tools,  or  by 
having  been  rtdled  m  the  river's  bed.  They  are  usually  found  at 
depths  of  from  15  to  25  feet  IVom  the  surface,  in  gravel,  covered  by 
loam,  and  most  of  them  near  the  bottom  of  the  gravel,  wid  not  far 
from  its  contact  with  the  subjacent  chalk-  Thej'  are  met  with  not 
only  in  the  lower-level  gravels,  as  in  No.  3,  fig.  106.,  but  ^so  in  No. 
4,  or  the  higher  gravels,  as  at  St.  Acheul,  in  the  suburbs  of  Amiens, 
where  the  old  alluvium  lies  at  an  elevation  of  about  100  feet  above 
the  level  of  the  river  Somme.  At  both  levels  fluviatile  and  land- 
shells  are  met  with  in  the  loam  as  well  as  in  the  grav^  hot  tbere 
are  no  marine  shells  associated,  exeept  at  Abbeville,  in  the  lowest 
part  of  the  gravel,  near  the  sea,  and  a  few  feet  only  above  the 
present  high-water  mark.  Here  with  fossil  shells  of  living  species 
are  mingled  the  bones  of  Elepha*  primigenitu  and  E.  antiquuKy 
Bhinocerot  liehorhinui,  Hippopotamut,  Fdis  tpHtea,  Hytetta  tpelma, 
reindeer,  and  many  others,  the  bones  accompaoyiog  the  flint  imple- 
ments in  such  a  manner  as  to  show  that  both  were  buried  in  the  old 
alluvium  at  the  same  period. 

Nearly  the  entire  skeleton  of  a  rhinoceros  was  found  at  one  point, 
namely,  in  the  Menchecoort  drift  at  Abbeville,  the  bones  being  in. 
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Kicb  JDztepoeition  oa  to  show  that  the  cartil&ge  mtiBt  have  held  them 
together  at  the  time  of  their  inhumatioo. 

The  general  absence  here  and  elsewhere  of  human  bones  from 
gnTel  snd  sand  in  which  fiint  to«^  are  discov^ed,  maj  in  some 
degree  be  dne  to  the  present  limited  extent  of  oar  researaheB.  But 
it  ma^  also  be  preiumed  that  when  a  hunter  population,  always 
KiDtj  in  numbers,  ranged  orer  this  region,  thej  were  too  warj  to 
lUow  theneelTes  to  be  overtaken  hj  the  floods  which  swept  awa; 
nuu^  herbivorous  animals  frtHn  the  low  river-plains  where  the;  may 
have  been  pasturing  or  sleeping.  Beasts  of  prey  prowling  about  the 
Hm«  alluvial  flats  in  search  of  food  may  also  have  been  surprised 
more  readily  than  the  hnman  tenant  of  the  same  region,  to  whom 
(be  signs  of  a  coming  tempest  were  better  known. 

In  the  very  few  instances  in  which  we  have  good  evidence  in 
£an>pe  of  the  occurrence  of  human  remains  in  post-pliocene 
depeoiti,  exclusive  of  those  in  eaves,  the  fossil  relics  have  been  found 
It  sr  near  the  line  of  junction  of  the  superficial  loam  (3',  4',  fig.  106.) 
y'aix  the  underlying  graveL  Thus  M.  Ami  Bou^  an  experienced 
•bserveTr  disintOTTed  with  his  own  hands,  in  the  valley  of  the  Rhine 
in  1853,  parts  of  a  human  skeleton  from  the  lower  portion  of  a 
dipoeit  of  loam  or  loess  80  feet  thick.  This  discovery  was  made  at 
lakr,  a  small  town  in  the  Grand  Duchy  of  Baden,  nearly  opposite 
Straibargt  on  the  right  side  of  the  valley  of  the  Rhine.  They  were 
ibown  at  the  time  to  ;Cavier,  and  recognised  by  him  as  human.' 
One  of  them,  a  femur,  first  attracted  notice  as  it  projected  from  a 
perpendicalar  cliff  of  loese,  forming  tiie  lowest  of  a  succession  of 
kmces,  which  had  been  excavated  ia  the  loam  by  the  denuding 
power  of  the  Schutter,  a  small  tributary  which  at  Lahr  joins  the 
great  alluvial  plain  of  the  Rhine.  The  loam  in  which  (he  bones 
were  embedded  is  similar  in  mineral  character  to  that  of  the  great 
idjoining  plain,  and  so  continuous  as  to  imply  that  the  Rhine  once 
flowed  up  into  the  valley  of  its  tributary,  and  filled  it  to  a  con- 
liderable  height  with  its  muddy  sediment,  at  the  time  when  the 
tkeletcm  was  enveloped  in  it. 

InHndatum-mud  of  river*. — Brick-earth. — FbtviatUt  loam,  or  loeia. 
~&a  a  general  rule,  the  fluviatile  alluvia  of  different  ages  (Nos.  2, 
3, 4,  fig.  106.)  are  severally  made  up  of  coarse  materials  in  their 
lower  portions,  and  of  fine  silt  or  loam  in  their  upper  parts.  For 
rivers  are  constantly  shiftily  their  position  in  the  valley-plain, 
tacroacbing  gradually  on  one  bank,  near  which  there  is  deep  water, 
and  deserting  the  other  or  opposite  side,  where  the  channel  is 
gTowing  shallower,  being  destined  eventually  to  be  converted  into 
laod.  Where  the  current  runs  strongest,  coarse  gravel  is  swept 
■Irag,  and  where  its  velocity  is  slackened,  first  sand,  and  then  only 
(lie  finest  mud,  is  thrown  down.  A  thin  film  of  this  fine  sediment 
i)  iprutd,  during  floods,  over  a  wide  area,  on  one,  or  sometimes  on 
iKith  sidM,  of  the  main  stream,  often  reaching  as  far  as  the  base  of 
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the  blufis  or  higher  grounds  which  bound  the  rallej'.  Of  such  »  de- 
scription are  the  welt-known  annual  deposits  of  the  Nile,  to  which 
Eg7pt  owes  ita  fertility.  So  thin  are  they,  that  the  aggregate  ttmouni 
accumulated  in  a  century  is  said  rarely  to  exceed  five  inche.-, 
although  in  the  course  of  thousands  of  years  it  has  attuned  a  vast 
thickness,  the  bottom  not  having  been  reached  by  borings  extending 
to  a  depth  of  60  feet  towards  the  central  parts  of  the  valley. 
Everywhere  it  coasiste  of  the  same  homogeneous  mnd,  destitute  of 
stratification — the  only  signs  of  successive  accumulation  being 
where  the  Nile  has  silted  np  its  channel,  or  where  the  blowa  sands 
of  the  Libyan  deaert  have  invaded  the  plain,  and  given  rise  to 
alternate  layers  of  sand  and  mud. 

The  general  absence  of  lamination  in  the  loam  of  the  Egyptian 
river-plain  is  probably  owing  to  the  thinaeas  of  the  layer  thrown 
down  in  a  single  year,  and  to  its  being  exposed  for  eight  months 
to  drying  winds,  or  tlie  rays  of  a  hot  bud.  Parts  of  it  are  often 
swept  in  the  form  of  dust  from  one  r^ion  to  another,  and  almost 
everywhere  the  soil  is  pierced  by  worms,  insects,  and  the  roots  of 
plants.  Many  geologists  have  been  disposed  to  refer  the  absence 
of  stratification  in  such  formations  to  the  sodden  and  tumultuous 
action  of  floods,  by  which  dense  masses  of  mud  were  thrown  down 
rapidly  and  uninterruptedly;  but  I  believe  that  the  absence  of 
divisional  planes  or  mai^  of  successive  deposition  has  arisen,  not 
from  the  want  of  intermittent  action,  but  because  the  amount  of 
annual  deposit  has  been  so  alight,  and  because  it  has  taken  place 
on  ground  not  permanently  submerged.  There  may  be  found  in 
deposits  of  this  class  examples  of  every  gradation,  from  a  stratified 
to  an  unstratified  condition. 

In  European  river-loams  we  occasionally  observe  isolated  pebbles 
and  angnlar  pieces  of  stone  which  have  been  floated  by  ice  to  the 
places  where  they  now  occur  ;  but  no  such  coarse  materials  are  met 
with  in  the  plains  of  Egypt.  Above  and  below  the  first  cataract,  an- 
cient river  terraces  composedoffluviatile  deposits  have  been  observed 
by  Dr.  Adams  and  others  at  various  elevations  above  the  present 
alluvial  plain  of  the  Nile.  In  these  old  river-formations — eome  of 
which  are  30,  others  100,  and  others  several  hundred  feet  above  the 
river — fossil  shells,  identical  with  species  now  living  in  the  Nile,  have 
been  found.  The  probable  causes  of  such  alterations  in  the  level  of 
the  river,  and  the  successive  fiUing  up  and  re-excavation  of  the  same 
hydrographical  hasin  at  different  periods,  will  be  presently  spoken 
of.  They  are  changes  of  alcind  that  cannot  fail  to  resnlt  from  great 
continental  movements  of  subsidence  and  upheaval,  such  as  we  may 
safely  assume  that  Egypt  has  undergone  in  the  post-tertiary  epoch, 
because  the  eastern  shore  of  the  Bed  Sea  on  one  side,  and  the  great 
desert  of  the  Sahara  on  the  other,  have  been  converted  from  sea 
into  land  since  the  commencement  of  the  Post-pliocene  period. 

In  some  parts  of  the  valley  of  the  Rfaine  the  accumulation  of 
similar  loam,  called  in  Germany  "  loess,"  has  taken  place  on  an 
enormous  scale.    Its  colour  is  yetlowish-grey,  and  very  homoge- 


Cb.  X.]  LOESS  FOSSILS   OF   THE   RHINE.  119 

neoufl ;  and  ProfesBor  Bischoff  has  ascertained,  \iy  analygia,  that  it 
agrees  ia  composition  with  the  mud  of  the  Nile.  Although  for  the 
most  part  uustratified,  it  betrays  iu  Bouie  places  marks  of  stratiftca' 
tioD,  especially  where  it  contains  calcareous  concretions,  or  in  iia 
lower  part  where  it  rests  on  subjaceut  gravel  and  sand  which 
altemftte  with  each  other  near  the  junc^on.  About  a  sixth  part  of 
the  whole  mass  is  composed  of  carbonate  of  lime,  and  there  is  usually 
an  intermiztDre  of  fine  quartsose  and  micaceous  sand. 

Although  tliia  loam  of  the  Sliioe  is  unsolidified,  it  usually  termi- 
nates where  it  has  been  undermined  by  running  water  in  H  verticul 
difi^  from  the  face  of  which  sheila  of  terrestrial,  freshwater  and 
ftmpbibious  mollusks  project  in  relief.  These  shells  do  not  imply 
the  permanent  sojourn  of  a  body  of  fresh  water  on  the  spot,  for  tlio 
most  aquatic  of  tiiem,  the  Succinta,  inhabits  mai-sbes  and  wet  grassy 
meadows.  The  Suecinea  eiongata,  (or  S.  oblonga,)  fig.  107.,  is  very 
characteriatic  both  of  the  loess  of  the  Rhine  and  of  some  otiier 
European  nTer-loams. 

Among  the  land-shells  ofthe  Rhenish  loess.  Helix pUbeia  aod  Papa 
»  are  very  common. 
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Both  the  terrestrial  and  aquatic  shells  are  of  most  fragile  and 
delicate  structure,  and  yet  they  are  almost  invariably  perfect  ami 
uninjured.  They  must  have  been  broken  to  pieces  had  they  been 
Kwept  along  by  a  violent  innndatiou.  Even  the  colour  of  some  of 
the  land'shells,  as  that  of  Helix  nemoralig,  is  occfifiionolly  preserved. 

I  observed  the  three  fossils 4bore  figured  in  the  upper  fluviatile 
loam  of  the  Saale,  near  Rudolstadt,  in  Thuringia,  a  river  which  fails 
into  the  Jim,  and  belongs  to  the  basin  of  the  Elbe.  I  have  also 
seen  loam  like  that  of  the  Rhine  at  the  Forte  Westphalica,  neiir 
Minden,  at  the  height  of  500  feet  above  the  river-plain  of  the  Weser, 
in  which  the  same  three  sheila  were  conspicuous. 

If  in  some  places  mollmka  of  purely  aquatic  species  of  such 
genera  u  Ljmnea,  Hanorbis,  and  Faludina,  occur  near  the  base  of 
tbe  loesB,  they  probably  indicate  ancient  ponds  and  lakes  marking 
the  conrao  of  old  deserted  river  channels,  which  were  afterwards 
«died  np. 

In  parts  of  tbe  valley  of  the  Rhine,  between  Bingen  and  Basle, 
the  flnviatile  loam  or  loess  now  under  consideration  is  several  hundred 
feet  thick,  and  eon  tains  here  and  there  tbroughout  that  thickness  land 
■nd  amphibious  shells.  As  it  is  se<4D  in  masses  fringing  both  sides  of 
the  great  plain,  and  as  occasionally  remnants  of  it  occur  in  the  centre 
of  the  valley,  forming  hills  several  hundred  feet  in  height,  it  eeenis 
0  suppose,  fi^s^  a  time  when  it  slowly  accumulated  -,  and 
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secondly,  a  later  period,  when  large  portions  of  it  were  removed, 
or  when  the  origioal  valley,  vrbich  had  been  partially  filled  up  with 
it,  was  re-excavated. 

Suck  changes  may  have  beea  brongbt  about  by  a  great  moTement 
of  oscillation,  consisting  first  of  a  general  depreesioa  of  the  land, 
and  then  of  a  gradual  re'eleyation  of  the  same.  The  amooiit  of 
continental  depression  which  first  took  place  in  the  interior,  mast 
be  imagined  to  have  exceeded  that  of  the  region  near  the  sea,  in 
which  case  the  higher  part  of  the  great  valley  would  have  its  allavial 
plain  gradually  raised  by  an  accumuIaUon  of  sediment,  which  would 
only  cease  when  the  subsidence  of  the  land  was  at  an  end.  If  the 
direction  of  the  movement  was  then  reversed,  and,  during  the  re- 
elevation  of  the  continent,  the  inland  region  nearest  the  mountains 
should  rise  more  rapidly  than  that  near  the  coast,  the  river  would 
acquire  a  denuding  power  sufficient  to  enable  it  to  sweep  away 
gradually  nearly  all  the  loam  and  gravel  with  which  parts  of  its 
basin  had  been  filled  up.  Terraces  and  hillocks  of  mud  and  sand 
would  then  alone  remain  to  attest  the  various  levels  at  which  the 
river  had  thrown  down  and  afterwards  removed  alluvial  matter. 

Pott-pliocene  lake-terraeei  in  Sxeitzerlaiid,  —  In  Switzerland  ter- 
races of  drift  are  found  at  difierent  levels  above  the  present  rivers 
and  lakes,  which  correspond  to  the  older  gravels  (Nos.  3  and 
4,  fig.  106.)  and  they  contain  the  remains  of  the  mammoth,  reindeer, 
and  other  mammalia,  many  of  them  extinct  or  no  longer  inhabitants 
of  Europe ;  together  with  shells,  all  of  them  of  species  still  living. 
Skirting  the  Lake  of  Geneva  are  the  deltas  of  numerous  torrents 
which  bring  down  mud,  sand,  and  pebbles  to  the  lake,  so  as  to  make 
annual  additions  to  ^e  littonU  accumulations.  "  If,"  Bays  M.  Morlot, 
"  we  follow  up  the  course  of  any  of  these  etreaou  to  the  height  of 
150  feet  above  the  lake,  we  encounter  another  and  more  ancient 
delta,  about  ten  times  as  large,  evidently  the  monument  of  a  more 
protracted  period,  when  the  water  stood  for  ages  at  that  higher  level, 
and  when  iixo  physical  geogri^ihy  of  the  country  difiered  consider- 
ably from  that  now  established. 

One  of  the  deltas  of  transported  matter,  or,  as  M.  Morlot  stylee 
them,  flattened  cones,  is  seen  at  the  mouth  of  the  Tini^re,  a  torrent 
which  enters  the  lake  on  its  south  side,  near  Villeneuve.  Its  internal 
structure  has  been  laid  open  by  a  railway  cutting,  which  has  exposed 
to  view  three  layers  of  vegetable  soil,  each  of  which  has  once 
formed  the  surface  of  the  delta.  For  that  part  of  the  eone  which  ia 
above  the  level  of  the  lake  is  for  the  most  part  covered  with  vege- 
tation, as  are  generally  the  higher  and  unsubmerged  parts  of  alL 
river  deltas.  The  uppermost  of  these  old  buried  soils,  about  five 
feet  deep  from  the  present  surface,  contained  Soman  tiles  and  a  coin  ; 
in  the  soil  next  below,  six  inches  thick  and  ten  feet  from  the  surface, 
were  found  pottery  and  instruments  of  the  bronze  epoch  ;  and  in 
the  third  soil,  which  was  half  a  foot  thick  and  nineteen  feet  deep, 
potteiy,  pieces  of  charcoal,  bones,  and  a  human  skeleton  having  a 
small,  round,  and  very  thick  skull,  of  the  brachycephalous  type,  (fig. 
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104^  p.  I  ]  3.).  H.  Morlot  estimateB  the  Rom&n  relicB  m  about  Beven- 
leea  ceDtaries  old,  those  of  the  bronze  age  between  3000  and  4000 
jetts,  uid  those  of  the  stone  period  from  5000  to  7000  jeara.  To 
the  entire  delta  he  ascribes  an  antiquity  of  about  10,000  years, 
while  he  conjectures  ^at  the  higher  cone  or  delta,  which  is  t«n 
times  as  large,  may  have  taken  about  100,000  years  for  its  formation. 
It  coatains,  as  aboTe  stated,  the  remains  of  the  mammoth,  and  is 
probably  eontemporaneout,  in  the  geological  sense  of  the  term,  with 
the  gravels  of  Amiens  and  Abbeville,  from  which  bo  many  flint 
implements  of  an  antique  type  have  been  extracted.  The  above 
ctlcnlation  does  not  pretend  to  be  more  than  a  rude  approximation 
to  the  truth.  Ancient  as  are  the  upper  terraces  when  compared  to 
biitorieal  times,  they  are  certainly  post-glacial,  or  more  modern  than 
Ibe  glacial  period,  which  will  be  treated  of  in  the  next  chapter.  In 
other  words,  the  Alpine  glaciers  bad  already  shruok  nearly  into 
their  present  contracted  limits  before  even  the  higher  deltas,  con- 
taiaiog  the  mammoth  bones,  were  formed. 

Upraiied  marine  ttrata  with  pottery  in  Sardinia. —  The  most 
eJnated  marine  strata  of  the  Post-pliocene  period  in  Europe,  in 
which  articles  of  human  workmanship  have  yet  been  noticed,  are 
those  observed  on  tlie  south  coast  of  Sardinia,  near  Cagliari,  so 
well  described  by  Count  Albert  de  la  Marmora.  They  consist  of  a 
breccia,  containing  fragmente  of  limestone  and  numerous  shells  of 
hviug  Uediterranean  species,  such  as  the  eatable  oyster  and  mussel, 
with  both  valves  united.  Among  these  sheila,  pieces  of  pottery  of  a 
veiy  rude  kind  are  dispersed.  They  are  traceable  to  a  height  of 
300  feet  above  the  sea.  Id  the  vegetable  soil  covering  such  marine 
itrtta,  fragments  of  a  more  modem  or  Boman  pottery  have  been 
fbaod.  There  are  also  in  the  rocks  of  the  same  district  numerous 
finnres  filled  with  breccia,  containing  the  remains  of  terrestrial 
qaidrnpeds,  some  of  them  of  extinct  species.  These  breccias, 
ilthoagb  very  ancient,  as  shown  by  the  mauunaliaii  bones,  are  more 
modem  than  the  marine  post-pliocene  strata  with  pottery  above- 
mentioned,  for  some  of  the  shells,  the  Mytibu  edulia  for  example, 
withed  out  of  the  older  formation,  have  been  mingled  in  tbe  fissures 
with  bones  of  the  extinct  quadrupeds.* 

There  are  examples  in  Europe  of  marine  strata  characterised  in 
like  manner  by  embedded  shells  of  living  species  which  reach  cleva- 
lioni  far  exceeding  those  of  Cagliari,  but  in  which  no  human  bones 
or  works  of  art  have  yet  been  discovered. 


Id  England,  and  in  almost  all  countries  where  limestone  rocks 
■boaod,  caverns  are  found,  usually  consisting  of  cavities  of  large 
dimcDuons,  connected  together  by  low,  narrow,   and   sometimes 
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tortuous  galleries  or  tunnela.  These  subtemtnean  vaults  are  uenallj 
filled  in  part  with  mud,  pebbles,  and  breccia,  in  which  bones  occur 
belonging  to  the  same  assemblage  of  animals  u  those  characteriiing 
the  poet- pliocene  alturia  above  described.  Some  of  these  bones  are 
referable  to  extinct  and  others  to  living  species,  and  they  are  occa- 
sionallj  iDtermingled,  as  in  the  valley  gravels,  with  implements  of 
one  or  other  of  the  great  divisions  of  the  stone  age,  and  these  are 
not  unfrequently  accompanied  \>j  human  bones,  which  are  much 
more  common  in  cavern  deposits  than  in  valley  alluvium. 

Each  suite  of  caverns,  and  the  passages  by  which  they  communi- 
cate the  one  with  the  other,  afford  memorials  to  the  geologist  of  nt 
least  three  successive  phases  through  which  the  physical  geography 
of  the  country  where  they  occur  must  have  passed.  First,  there  was 
a  period  when  limestone  rocks  were  dissolved  on  a  great  scale,  and 
when  the  carbonate  of  lime  was  carried  out  gradually  by  springs 
from  the  interior  of  the  earth  ;  secondly,  an  era  when  engulfed 
rivers  or  occasional  floods  swept  organic  and  inoi^anic  debris  into 
the  subterranean  hollows  previously  formed  ;  and  thir<IIy,  there  were 
such  changes  in  the  configuration  of  the  region  as  caused  the  en- 
gulfed rivers  to  be  turned  iuto  new  channels,  and  springs  to  be 
dried  up,  after  which  the  cave-mud,  breccia,  gravel,  and  foEail 
bones  would  bear  the  same  kind  of  relation  to  the  ezistiog  drun^e 
of  the  country  as  the  older  valley  drifts  with  their  extinct  mam- 
malian remains  and  works  of  art  bear  to  the  present  rivers  and 
alluvial  plains. 

In  the  first  of  the  periods  above  supposed  the  operations  are  en- 
tirely Bubterranean.  We  know  that  in  every  limestone  district  tlie 
rain  water  is  toft  or  free  from  earthy  ingredients  when  it  falls  upon 
the  soil,  and  when  it  enters  the  rocks  below,  whereas  it  is  hard, 
or  charged  with  carbonate  of  lime,  when  it  issues  again  to  the  sur- 
fiioe  in  springs,  which,  by  failing  after  long  droughts,  and  by  in- 
creasing in  volume  after  rainy  seasons,  betray  their  dependence  for 
a  supply  of  water  on  atmospheric  sources.  The  rain  derives  some 
of  its  carbonic  acid  from  the  air,  but  much  more  from  the  decay  bf 
vegetable  matter  in  the  soil  which  it  percolates,  and  by  the  excess 
of  this  acid,  limestone  is  dissolved,  and  the  water  becomes  charged 
with  carlranate  of  lime.  The  mua  of  solid  matter  silently  and  un- 
ceasingly subtracted  in  this  way  from  the  rocks  in  every  century  is 
considerable,  and  must  in  the  course  of  thousands  of  years  be  so  vast 
that  the  space  it  once  occupied  may  well  be  expressed  by  a  long  suite 
of  caverns.  The  varying  size  and  shape  of  these  will  be  determined 
by  innumerable  local  accidents,  such  as  the  direction  of  pre-existing 
rents  and  faults,  or  the  unequal  purity  and  consequent  solubility  of 
the  limestone  in  different  strata,  or  in  difilerent  parts  of  the  same 
stratum. 

If  there  be  a  series  of  convulsions  and  movements  of  upheaval  and 
depression,  during  which  old  valleys  are  gradually  deepened  and 
widened,  or  new  ones  formed,  accompanied  by  the  rending  of  rocks 
in  many  places,  the  surface  drainage  may  in  time  be  so  altered  that 
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streams  sweeping  along  ssgul&r  and  rounded  stones  ma;  break  into 
avities  once  haring  no  sach  connexion  with  the  surface.  Such 
streams  may  introduce  fine  mud,  or  angular  and  rounded  pebbles 
and  land-ahells,  with  portions  of  ekeletons  of  Tarious  quadrupeds,  or 
of  man,  tt^ether  with  fragments  of  works  ot  art,  and  fill  up  a  large 
part  of  the  underground  rents,  galleries,  and  chambers  with  hetero- 
geneous materialB.  The  whole  of  these  may  sometimes  be  united 
into  solid  breccias  and  conglomerates  by  stalactittc  infiltrations. 

In  Che  descriptions  given  of  violent  earthquakes  we  read  of  the 
eodden  appearance  of  new  fissures  several  feet  wide,  oft«n  of  great 
depth,  and  some  of  which  remain  permanently  open.  Wild  animals 
cbaflcd  by  beasts  of  prey  fall  into  such  natural  pit-falls  ;  the  pursued 
and  the  parsuer  perishing  together.  Their  bones,  during  the  slow 
deesy  of  the  carcase,  may  be  carried  separately  into  subterranean 
vaults,  or  many  of  them  still  bound  together  by  ligaments  ;  even 
entire  skeletons  may  sometimes  be  washed  into  caves  and  be  there 
pre«erved. 

Tlte  quarrying  away  of  lai^e  masses  of  Carboniferous  and  Devo- 
niaa  limeetone,  near  Liige,  in  Belgium,  has  afforded  the  geologist 
atagBificent  sections  of  some  of  these  caverns,  and  the  former  com- 
miinication  of  cavities  in  the  interior  of  the  rocks  with  the  old  sur- 
Cue  of  the  country  by  means  of  vertical  or  oblique  flsHurea,  has  been 
daaonstrsted  in  places  where  it  would  not  otherwise  have  been 
raspMted,  80  completely  have  the  upper  extremities  of  these  fissures 
beoi  concealed  by  superficial  drift,  while  their  lower  ends,  which 
extended  into  the  roofs  of  the  caves,  are  masked  by  stslactitic 
incmstMians. 

The  origin  of  the  stalactite  is  thus  explained  by  the  eminent 
chemist  Liebig.  On  the  surface  of  Francouia,  where  the  limestone 
aboands  in  caverns,  is  a  fertile  soil,  in  which  vegetable  matter  is 
continually  decaying.  This  mould  or  humus,  being  acted  on  by 
moisture  and  air,  evolves  carbonic  acid,  which  is  dissolved  by  rain. 
The  rain  water,  thus  impregnated,  permeates  the  porous  limestone, 
dissolves  a  portion  of  it,  and  afterwards,  when  the  excess  of  carbonic 
acid  evaporates  in  the  caverns,  parts  with  the  calcareous  matter,  and 
forms  stalactite.  Even  while  caverns  are  still  liable  to  be  occa- 
sitnally  flooded  such  calcareons  incrustations  accumulate,  but  it  is 
generally  when  they  are  no  longer  in  the  tine  of  dralnt^e  that  a 
solid  floor  of  hard  stalagmite  is  formed  en  the  bottom.  On  the 
whole,  the  circomstaDces  under  which  an  oi^anic  body  is  usually 
inttoduoed  into  a  cave  are  far  more  favourable  to  its  preservation 
than  those  which  accompany  its  envelopment  in  valley-alluvium ; 
f(v  wbere  the  mad  or  stones  are  connected  together  by  carbonate  of 
lime,  tbe  firee  percolation  of  water,  and  consequent  decay  and  re- 
iBo*«l  of  ^e  bones  or  shelly  are  arrested. 

The  late  Dr.  Schmerling  examined  forty  eaves  near  Liige,  and 
fcond  in  all  of  them  the  remains  of  the  same  fauna,  comprising 
the  mammoth,  tichorhine  rhinoceros,  cavt^-besr,  cave-hy»na,  cave- 
lioo,  and  maoy  others,  some  of  extinct  and  some  of  living  species. 
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and  in  all  of  them  flint  implements.  In  four  or  five  caves  0DI7  parts 
of  human  akeletons  were  met  with,  comprising  swnetimes  bIeuIIb  witii 
a  few  other  bones,  sometimes  nearly  everj  part  of  the  skeleton  except 
the  skulL  In  one  of  the  caves,  that  of  Eogihoul,  where  Schmerling 
had  found  the  remains  of  at  least  three  human  individuals,  thej  were 
mingled  in  such  a  manner  with  bones  of  extinct  mammalia,  u  to 
leave  no  doubt  on  his  mind  of  man  having  eoexisted  with  them. 

In  I860,  Professor  Malaise,  of  Li^ge,  expWed  with  me  this  bum 
cave  of  Engihoul,  and  beneath  a  hard  floor  of  stalagmite  we  found 
mud  full  of  the  bones  of  extinct  and  living  animals,  snch  as  Schmer- 
ling  had  described,  and  mj  companion  persevering  in  his  researches 
after  I  bad  returned  to  England,  extracted  from  the  same  depout 
two  human  lower  jaw-bones  retaining  their  teetli.  The  skulls  firom 
these  Belgian  caverns  display  no  marked  deviation  from  the  normal 
European  type  of  the  present  day.  One  of  them,  for  example) 
obtained  hj  Schmerling  from  the  Engis  cave,  situated  on  the  tefi 
bank  of  the  Meuse,  is  now  preserved  in  the  museum  of  the  Uni- 
versity of  Li&ge,  and  agrees  with  the  long-headed  type  (fig.  105., 
p.  113.),  and  not  with  the  short  round  form  which  seems,  in  Scan- 
dinavia at  least,  to  have  been  the  more  ancient  of  the  two. 

The  careful  investigations  carried  on  by  Dr.  Falconer,  Mr. 
Fengelly,  and  others,  in  the  Brixham  cave  near  Torquay,  in  1858,  de- 
monstrated that  flint  knives  were  there  embedded  in  snch  a  manner 
in  loam  underlying  a  floor  of  stalagmite  as  to  prove  that  man  had 
been  an  inhabitant  of  that  region  when  the  cave-hear  and  othwr 
members  of  the  ancient  post<pliocene  fauna  were  also  in  existence. 

The  certainty  of  the  data  on  which  this  conclusion  was  founded 
bad  no  small  influence  in  inducing  many  £ngliah  and  French  geolo- 
gists to  appreciate  more  justly  the  opinion  at  which  M.  Boucher  de 
Perthes  had  arrived  after  his  researches  at  Abbeville  before  men- 
tioned, which  were  still  regarded  by  the  scientific  public  in  general 
widi  scepticism  and  suspicion. 

The  absence  of  gnawed  bones  had  led  Dr.  Schmerling  to  isfer 
that  none  of  the  Belgian  caves  which  he  explored  had  served  >a  the 
dens  of  wild  beasts  ;  but  there  are  many  cavee  in  Germany  and  Esg- 
lund  which  have  certainly  been  so  inhabited,  especially  by  the 
extinct  hyena  and  bear. 

A  fine  example  of  a  hyena's  den  was  afforded  hy  the  cave  of 
Kirkdale,  so  well  described  b;  the  late  Dr.  Buckland  in  his  S^iftitB 
Oiluvianm.  In  that  cave,  about  twenty-five  miles  IWK.  af  Tork, 
the  remains  of  about  300  hyenas,  belonging  to  individuals  of  overy 
^e,  were  detected.  The  species  (Byicna  tpdaa)  is  extinct,  uid 
was  larger  than  the  fierce  Hytena  troeuta  of  South  Africa^  which  it 
most  resembled.  Dr.  Buckland,  after  carefully  examining  the  spot, 
proved  that  the  hymnss  must  have  lived  there  i  a  fact  attested  by 
the  quantity  of  their  dung,  which,  as  io  the  case  of  the  living  hyaaa, 
is  of  nearly  the  same  composition  as  hone,  and  almoet  as  durable.  In 
the  cave  were  found  the  remains  of  the  ex,  young  elephant,  hippo- 
potamus, rhinoceros,  horse,  bear,  wolf,  hare,  water-ra^  and  avtvral 
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haia.  All  the  bones  have  the  appe&rance  of  harmg  been  broken 
ud  gnftwed  bj  the  teeth  of  the  byEenaB ;  and  they  occur  confueedly 
■liied  in  loam  or  mud,  or  dispersed  through  a  crust  of  stalagmite 
irtiich  eorers  it  In  these  and  many  other  cases  it  is  supposed  that 
portioDi  of  herbiTorous  qnadrupeds  have  been  dragged  into  caverns 
by  bewts  of  prey,  and  have  served  as  their  food — an  opinion  quite 
tOBtiMent  with  the  known  habits  of  the  living  hyena. 

Bemdeer  period  in  South  of  France. — In  the  larger  number  of 
ike  caret  af  Europe,  aa  for  example  in  those  of  England,  Belgium, 
Germany,  and  many  parts  of  France,  the  animal  remains  agree 
ipecifiojly  with  the  fauna  of  the  oldest  division  of  the  age  of  stone, 
or  that  to  which  belongs  the  drift  of  Amiens  and  Abbeville  already 
toentioaed,  containing  flint  implements  of  a  very  antique  type.  But 
there  are  aome  cavea  in  the  departments  of  Dordogne,  Aude,  and 
other  parta  -of  the  South  of  France,  which  are  believed  by  M.  Lartet 
to  be  of  intermediate  date  between  that  ancient  division  of  the  stone 
*ge  uid  the  more  modem  one  which  is  represented  by  the  Swiss 
Uke-dweUinga.  To  this  intermediate  era  M.  Lartet  gave,  in  1863, 
dK  name  of  the  "  reindeer  period,"  because  vast  quantities  of  the 
bcHwa  and  horns  of  that  deer  have  been  met  with  in  those  French 
etreniB.  In  some  cases  separate  plates  of  molars  of  the  mam- 
inotk,  and  several  teeth  of  the  great  Irish  deer,  Cervtu  Megaeeros, 
liafe  been  found  mixed  up  with  cnt  and  carved  bones  of 
reindeer;  but  whether  these  extinct  quadrupeds  were  really  con- 
imporaneouB  at  the  era  in  question  with  man  and  the  reindeer,  is 
Bot  yet  clearlj'  made  out.  Although  the  mammalian  fauna  con- 
rirtt  of  living  species,  the  presence  of  the  reindeer,  marmot,  and 
•one  other  northern  animals,  seems  to  Imply  a  colder  climate  than 
dutof  the  Swiss  lake-dwellings,  in  which  no  remains  of  reindeer 
btre  as  yet  been  discovered.  The  absence  of  these  in  the  old  la- 
««trine  habitationa  of  Switzerland  is  the  more  significant^  becanee 
in  a  cave  in  the  neighbonrhood  of  the  Lake  of  Geneva,  namely,  that 
of  Mont  Sal&ve,  bones  of  the  reindeer  occur  with  flint  implements 
limilir  to  those  of  the  caverns  of  Dordogne  and  Ferigord. 

The  state  of  the  arts,  as  exemplified  by  the  instruments  found  in 
■bete  caverns  of  the  reindeer  period,  is  somewhat  more  advanced 
tbiD  that  which  characterises  the  tools  of  the  Amiens  drift,  but  Is 
MTcrtheless  more  rude  than  that  of  the  Swiss  lake- dwellings.  No 
nwtallic  articles  occur,  and  the  stone  hatchets  are  not  ground  after 
the  fashion  of  celts  ;  but  some  of  the  bones  are  artistically  carved, 
>o  It  to  represent  animals ;  and  the  needles  of  bone  are  shaped  in 
■  woi^manlike  style,  having  their  eyes  drilled  with  consummate 
■UlL 

Aialralian  eave-breeeitu. — Ossiferous  breccias  are  not  confined  to 
Europe,  but  occur  in  all  parts  of  the  globe ;  and  those  discovered  in 
iworei  and  caverns  in  Australia  correspond  closely  in  character 
*ith  what  haa  been  called  the  bony  breccia  of  the  Mediterranean, 
ID  which  the  fragments  of  bone  and  rock  are  firmly  bound  togetiier 
bja 
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Some  of  these  caves  were  examined  by  the  Ut«  Sir  T.  Mitchell  in 
the  Wellington  Valley,  about  210  miles  west  of  Sidnejr,  on  the  river 
Bell,  one  of  the  principal  sources  of  the  MacquHrie,  and  on  the 
Macquarie  itself.  The  caverns  often  branch  off  in  different  direc- 
tions through  the  rock,  widening  and  contracting  their  dimensions, 
and  the  roofs  and  floors  are  covered  with  stalactite.  The  bones  are 
often  broken,  but  do  not  seem  to  be  water-worn.  la  some  places 
tliey  lie  embedded  in  loose  earth,  but  they  are  usually  included  in  a 
breccia. 


The  remains  found  most  abundantly  are  those  of  the  kangaroo, 
of  which  there  are  four  species,  besides  which  the  genera  Htfpti- 
prymntu,  Phalanguta,  Phascohmya,  and  Datyurut,  occur.  There 
are  also  bones,  formerly 'conjectured  by  some  osteologists  to  belong 
to  the  hippopotamus,  and  by  others  (o  the  dugong,  but  which  are 
now  referred  by  Mr.  Owen  to  »  marsupial  genus,  allied  to  the 
IFombat. 


In  the  ioBsils  above  enumerated,  several  species  are  larger  than 
the  largest  living  ones  of  the  same  genera  now  known  in  Australia. 
The  preceding  figure  of  the  right  side  of  a  lovei*  jaw  of  a  kangaroo 
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(Maeroput  alias,  Owen)  will  nt  once  be  seen  to  exceed  in  rcagoilude 
ti>e  MireapDiidiDg  part  of  the  largest  living  kangaroo,  which  ia 
^presented  in  6g.  111.  Iq  both  these  BpectmeDs  part  of  the  sub- 
iUaee  of  the  jaw  has  been  broken  open,  so  as  to  show  the  permanent 
Siiix  mokr  (a.  fig.  1 10.)  concealed  in  the  socket  From  the  fact  of 
ib'a  moUr  not  having  been  cut,  we  learn  that  the  individual  was 
yoang,  and  had  not  shed  its  first  teeth.  Iq  fig.  112.  a 
front  looih  of  the  same  species  of  kangaroo  is  repre-  ^''  "*' 
eentcd. 

The  reader  will  observe  that  all  these  extinct  qua- 
drapede  of  Australia  belong  to  the  marsupial  family, 
or,  in  other  words,  that  they  are  referable  to  the  same 
pecaliar  type  of  organization  which  now  distinguishes 
the  Australian  mammalia  from  those  of  other  parts  of 
ibe  globe.     This  fact  is  one  of  many  pointing  to  a 
geaersl  law  deducible  from  the  fossil  vertebrate  and 
inrertelvate  animals  of  times  immediately  antecedent 
IS  our  own,    namely,  that  the  present  geographical 
distribution  of  organic  forms  dates  back,  to-  a  period 
Mterior  to  the  origin  of  existing  species  i  in  other     inci>i>fo(  Mn- 
vords,  the  limitation  of  particular  genera  or  families 
of  qaadrnpeds,  mollusca,  Sec,  to  certain  existing  provinces  of  land 
^nd  sea,  began  before  the  larger  part  of  the  species  now  contempo- 
rary with  man  had  been  introduced  into  the  earth. 

Professor  Owen,  in  his  excellent  "  Hbtory  of  British  Fossil  Mam- 
aih,"  has  called  attention  to  this  law,  remarking  that  the  fossil 
qasdropeds  of  Europe  and  Asia  differ  from  those  of  Australia  or 
iMath  America.  We  do  not  find,  for  example,  in  the  Europteo- 
Asiatic  province  fossil  kangaroos  or  armadillos,  but  the  elephant, 
rhinoceros,  horse,  bear,  hyana,  beaver,  hare,  mole,  and  others,  which 
itill  characterise  the  same  continent. 

Id  like  manner,  in  the  Fampss  of  South  America  the  skeletons  of 
Megatherium,  Megalonyx,  Olyptodon,  Mylodon,  Toxodon,  Macrau- 
cheoia,  and  other  extinct  forms,  are  analogous  to  the  living  sloth, 
armadillo,  cavy,  capybara,  and  llama.  The  fossil  quadrumana,  also 
asMciated  with  some  of  these  forms  in  the  Brazilian  caves,  be- 
l'>ng  to  the  Platyrrhine  family  of  monkeys,  now  peculiar  to  South 
America.  That  the  extinct  fauna  of  Buenos  Ayres  and  Brazil  was 
rery  modern  has  been  shown  by  its  relation  to  deposits  of  marine 
shells,  i^reeing  with  those  now  inhabiting  the  Atlantic  ;  and  when 
in  Georgia  in  184S,  I  ascertained  that  the  Megatherium,  Mylodon. 
E^tu  eurvidens,  and  other  quadrupeds  allied  to  the  Fampean  type, 
collected  by  Mr.  Hamilton  Couper,  were  posterior  in  date  lo  beds 
containing  marine  shells  belonging  to  forty-five  recent  species  of  the 
Derghbouring  sea. 

There  are  indeed  some  cosmopolite  genera,  such  as  the  Mastodon 
(a  genus  of  the  elephaaC  family)  and  the  horse,  which  were  simut- 
laneonsly  represented  by  different  fossil  species  in  Europe,  North 
Aoierica,  and  South  America;  but  these  few  exceptions  can  by  no 
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meuiH  iavalidate  the  rale  which  hu  been  thus  expressed  bj  Professor 
Owen,  that  in  "the  highest  organized  class  of  animals  the  same 
forms  were  restricted  to  the  same  great  provinces  at  the  Plioceoe 
periods  (and  we  ma;  add  Post-pliocene)  as  thejr  are  at  the  present 
day." 

However  modern,  in  a  geological  point  of  view,  we  may  consider 
the  Newer  Pliocene  and  Poet-pliocene  epochs,  it  is  evident  thU 
causes  more  general  and  powerful  than  the  intervention  of  mui 
have  occasioned  the  disappearance  of  the  ancient  fauna  from  so 
many  extensive  regions.  Kot  a  few  of  the  species  had  a  wide  range ; 
the  same  Megatherium,  for  instance,  extended  from  Patagonia  and 
the  river  Plata  in  South  America,  between  latitudes  31°  and  39° 
south,  to  corresponding  latitudes  in  North  America,  the  same  animal 
being  also  an  inhabitant  of  the  intermediate  country  of  Brazil, 
where  its  fossil  remains  have  been  met  with  in  caves,  llie  mammoth 
(Elephat  primxgenivg)  hae  been  likewise  found  fossil  in  North  Ame- 
rica, and  again  in  the  eastern  hemisphere  from  Siberia  to  the  south 
of  Europe.  If  it  be  objected  that,  notwithstanding  the  adaptation 
of  such  quadrupeds  to  a  variety  of  climates  and  geographical  con- 
ditions, their  great  siie  e:tposed  them  to  extermination  by  the  first 
hunter  tribes,  we  may  observe  that  the  investigations  of  Lund  and 
Clausen  in  the  ossiferous  limestone  caves  of  Brazil  have  demon- 
Gtrated  that  these  large  mammalia  were  associated  with  a  great 
many  smaller  quadrupeds,  some  of  them  as  diminutive  as  field-mice, 
which  have  all  died  out  together,  while  the  land-shella  formerly 
their  contemporaries  still  continue  to  exist  in  the  same  countries. 
As  we  may  feel  assured  that  these  minute  quadrupeds  could  never 
have  been  extirpated  by  man,  especially  in  a  country  ao  thinly 
peopled  as  Brazil,  so  we  may  conclude  that  all  the  speciea,  small  and 
great,  have  been  annihilated  one  after  the  other,  in  the  course  of 
indefinite  ages,  by  those  changes  of  circumstances  in  the  organic 
and  inorganic  world  which  are  always  in  progress,  and  are  capable 
in  the  course  of  time  of  greatly  modifying  the  physical  geography, 
climate,  and  all  other  conditions  on  which  the  continuance  upon  the 
earth  of  any  living  being  must  depend.* 

The  law  of  geographical  relationship  above  alluded  to,  between 
the  living  vertebrata  of  every  great  zoological  province  and  the 
fossils  of  tlie  period  immediately  antecedent,  even  where  the  foesil 
species  are  extinct,  is  by  no  means  confined  to  the  mammalia.  New 
Zealand,  when  first  examined  by  Europeans,  was  found  to  contain 
no  indigenous  land  quadrupeds,  no  kangaroos,  or  oposaams,  like 
Australia ;  but  a  wingless  bird  abounded  there,  the  smallest  living 
representative  of  the  ostrich  family,  called  the  Kiwi  by  the  natives 
(Aptetyx).  In  the  fossils  of  the  Post-pliocene  period  in  this  same 
island,  there  is  the  like  absence  of  kangaroos,  opossums,  wombats, 
and  the  rest;  but  in  their  place  a  prodigious  number  of  ireU-pre- 
Krved  specimens  of  gigantic  birds  of  the  strutbious  order,  called  by 

*  See  Brindplea  of  Geology,  chaps.  xIL  to  sUt. 
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Owen  Dinomit  and  Palapleryx,  which  are  entombed  ia  Buperficial 
deposits.  These  genera  comprehended  many  species,  some  of  which 
<rere  Tonr,  some  seven,  others  nine,  and  others  eleven  feet  in  height ! 
It  Kerns  doubtful  whether  any  contemporary  mammalia  shared  the 
lind  with  this  population  of  gigantic  feathered  bipeds. 

Mr.  Darwin,  wben  describing  the  recent  and  fossil  mammalia  of 
South  America,  has  dwelt  much  on  the  wonderful  relatiooship  of  the 
eiiiDct  to  the  living  types  in  that  part  of  the  world,  inferring  from 
.'Dch  geographical  phenomena  that  the  existing  species  are  all  re- 
ined to  the  extinct  ones  which  preceded  them  by  a  bond  of  common 
descent. 

The  late  able  naturalist,  Edward  Forbes,  had  declared  in  1846  hie 
conviction  that,  not  only  the  great  extinct  deer,  Cervws  megacerot, 
but  also  the  mammoth,  and  other  lost  pachyderms  and  carnivorft, 
iired  in  Britain  after  the  extreme  cold  of  the  glacial  period  hod 
pused  awaj.'  More  recent  observations  by  Mr.  Prestwich  and  Dr. 
FaJmner,  on  the  fossil  contents  of  the  drift  and  cave  deposits  of 
England,  have  confirmed  this  opinion,  and  have  also  proved  tJiat  a 
lifger  number  of  the  lost  species  than  Forbes  probably  suspected 
*ere  posterior  in  date  to  the  submergence  of  central  England  beneath 
ihe  waters  of  tlie  glacial  sea — an  event  which  will  be  spoken  of  in 
the  twelfth  chapter.  Mr.  Prestwich  has  pointed  out  that  there  are 
iome contortions  of  the  strata  in  the  higher  level  gravels  of  the  Seine 
tnd  Somme  which  indicate  ice-action,  such  as  might  be  caused  by 
ihe  freezing  over  of  the  rivers  in  winter,  as  now  happens  in  corres- 
poniiing  latitndes  in  Canada.  As  these  higher-level  gravels,  which 
contun  human  implements  mingled  with  remains  of  extinct  mam- 
milJa,  approach  in  age  to  the  glacial  period  in  proportion  as  they 
recede  to  a  greater  distance  from  our  time,  it  is  natural  that  we 
iboDld  discover  in  them  some  indications  of  a  colder  climate.  Ac- 
cordingly, in  addition  to  the  disturbed  stratification,  a  phenomenon 
to  which  I  shall  again  allude  in  the  sequel,  p,  135,,  the  large  dimen- 
soosof  many  angular  fragments  of  rock  buried  in  the  higher  gravel, 
ud  which  have  been  transported  from  great  distances  in  the  same 
bydrographical  basins,  afford  corroborative  indications  of  ice-action. 
If  it  be  asked  whether  the  charact«r  of  the  fluviatile  and  land- 
shells  of  the  same  post-pliocene  drifts  also  implies  a  colder  climate, 
it  may  be  swd  that  they  are  generally  of  the  same  species  as  those 
now  inhabiting  the  same  districts,  but  most  of  them  have  now  so 
wide  a  nortbward  range  into  Norway  and  Finland,  that  they  may 
perhaps  have  flourished  when  the  cold,  especially  in  winter,  was 
r^ter  than  now.  But  when  we  contemplate  the  whole  of  the  evi- 
dence as  to  climate  derived  from  a  wide  area  in  Europe,  we  find  it 
U*  be  very  conflicting,  owing  poxsibly  to  post-glacial  fluctuations  in 
temperature,  occasioning  the  migrations  of  quadrupeds  from  nortii 
to  south  and  from  south  to  north,  during  diflerent  seasons  of  the 

•  Hcmoirg  of  Qeol.  Smrej,  pp.  89«,  397. 
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same  year,  or  during  successive  stages  of  the  aarae  era.  The  rein- 
deer and  the  musk-buffalo,  Bubalut  mosehatut,  are  well  known  as 
living  inhabitants  of  the  Arctic  regions,  and  they  both  occur  fossil 
in  the  valley  of  the  Thames,  and  in  that  of  the  Avon,  near  Batheaston, 
as  well  as  in  the  drift  of  the  valley  of  the  Oise,  a  tributary  of  the 
Seine.  The  same  buffalo  has  also  been  met  with  in  the  post-plioceue 
drift  of  North  Germany,  at  the  gates  of  Berlin,  where,  as  in  England, 
it  accompanied  the  mammoth,  Elepkat  primigttmu,  and  the  two- 
horned,  or  woolly  rhinoceros,  R.  tiehorhinus.  The  last-mentioned 
mammalia  were  both  of  them  found  by  Pallas  preserved  with  their 
flesh  in  the  frozen  gravel  of  Siberia,  and  they  have  also  been  met 
with  in  the  drift  of  North  Germany,  near  Quedlinburg,  associated 
with  the  Norwegian  lemming,  Myodet  lemmut,  and  another  species 
of  the  same  family,  called  by  Pallas  Myodet  torguatus  (by  Hensel 
Mitoikermui  torquatut),  a  still  more  Arctic  quadruped,  for  it  waa 
observed  by  Psrry  in  laL  82°  N.,  and  is  said  never  to  stray  farther 
south  than  the  northern  borders  of  the  woody  region. 

No  instance  has  yet  occurred  in  North  Germany  of  the  associa- 
tion of  these  lemmings,  reindeer,  and  mnsk-butFalos,  with  the  hippo- 
potamus. When  the  latter  genus  occurs  in  England,  it  is  usually 
accompanied  by  Elephai  aptiguut,  and  Rhmocer<tthentit(eehot(Ftic.\ 
or  sometimes  with  Rhinocerot  ItptorAinut. 

At  Gray's  Thurrock,  in  Essex,  on  the  left  or  north  bank  of  the 
Thames,  where  the  three  pachyderms  last  enumerated  are  found 
together,  a  fossil  shell,  Cyrena  flutninalit,  is  abundant,  which  no 
longer  lives  in  any  European  river,  but  still  inhabits  the  Nile  and 
parts  of  Asia.  With  it,  in  the  same  sand  and  gravel,  the  Unio 
lUtoralU  occurs,  now  extinct  in  Britain,  but  still  living  in  the  Seine 
and  Loire  in  France.  It  may  be  contended  that  when  the  Cyreria 
Jiuminalit  abounded  in  the  Thames,  the  hippopotamus  may  have 
been  suited  to  the  same  climate,  just  as  the  same  mollusk  and  tbe 
living  hippopotamus  now  coexist  in  the  NUe.  We  may  doubtless 
imagine  that  during  the  countless  centuries  which  may  have  passed 
away  since  the  glacial  epoch,  there  have  been  oscillationB  of  tempe- 
rature, in  the  course  of  which  certain  members  of  a  more  southern 
fauna  migrated  northwards,  and  then  retreated  again  when  a  suc- 
cession of  less  genial  seasons  prevailed,  while  other  migrations  in  an 
opposite  direction  took  place  whenever  there  was  a  change  from  a 
warmer  to  a  colder  climate. 

In  the  Valley  of  the  Somme  the  rude  flint  tools  before  mentioned, 
page  116.,  have  been  found  at  Meuchecourt,  near  Abbeville,  aaso- 
ciated  with  the  Cyrena  fluminaUt,  and  with  the  Hippopotamus 
major.  These  were  met  with  in  the  lower  level  post-pUocene 
gravel,  and  may  be  referable,  as  Mr.  Freetwich  has  suggested,  to  a 
period  when  the  climate  was  somewhat  warmer  than  that  of  the 
higher  level  drift  of  this  same  valley.  It  is  in  that  higher  and  older 
drift  at  St.  Acheul,  near  Amiens,  Uiat  flint  implements  have  been 
found  in  the  greatest  number,  together  with  the  bones  of  ihe  elephant 
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ud  other  post-pIioceQe  qaadrapeds,  so  that  man  muat  have  existed 
ihroagb  several  eucceeBiTfi  phases  of  the  geography  and  climate  of 
ibil  r^ioQ  in  prehistoric  times. 

Ib  1863,  several  individuals  of  the  Greenland  lemming,  and 
WTtnl  of  a  new  species  of  Spermophilus,  on  arctic  type  allied  to 
the  marmot,  vrere  fonnd  by  Dr.  Blaekmore  in  the  ancient  alluvinm 
of  the  Wiley  near  Saltsbary,  in  lower  level  drift,  rising  about  thirty 
f«et  above  the  present  water  meadows.  Tfaey  were  associated  with  the 
BUnmotb,  tichorine  rhinoceros,  cave  hyiena,  reindeer,  and  many  other 
nummalia,  probably  suited,  like  them,  to  a  cold  climate.  In  the  im- 
mediate vicinity  occurs  a  higher  level  gravel,  ninety  feet  above  the 
Wiley,from  which  flint  implements,  much  rolled  and  resembling  some 
of  iboae  at  Amiens,  have  been  obtaioed.  After  examining  the  spot, 
I  tfno  with  Dr.  Blackmore,  that  these  flint  tools,  and  the  gravel 
in  which  they  are  embedded,  are  older  than  the  deposits  containing 
(be  extinct  mammalia,  so  that  in  this  instance  we  cannot  suppose, 
19  ID  the  case  of  M! enchecourt  above  alluded  to,  that  the  fossils  of 
ibe  more  modern  or  lower  leret  deposit  indicate  a  more  genial 
dinutte. 

Nearly  all  the  known  post-pliocene  quadrupeds  have  now  been 
foand  either  in  valley  drifts  or  cave  deposits  in  England  or  on  the 
Continent,  accompanying  flint  knives  or  hatcheta  in  such  a  way  as 
to  imply  the  co-existence  of  the  same  mamm^ia  with  man.  The 
tniiqaity,  therefore,  of  the  human  race  may  be  inferred  from  the 
nmcDTrent  teatimony  of  several  independent  classes  of  geolt^ical 
b;ts.  In  the  first  place,  the  disappearance  of  many  wild  animals 
htm  a  large  continent,  even  where  man  has  been  an  active  agent  of 
eilenni nation,  mast  alirays  require  a  considerable  lapse  of  time  for 
in  accompli shment ;  indeed,  before  the  invention  of  flre-arms,  it  is 
turd  to  say  how  many  centuries  it  wonld  take  to  bring  about  such 
niter  extirpation.  Yet  there  can  be  no  doubt  that  many  species  be- 
cune  extinct  after  man  was  a  denizen  of  the  earth,  and  before  the 
Daoirii  shell-mbunds  were  formed,  or  the  oldest  of  the  Swiss  lake- 
dwelUogs  constructed.  Secondly,  thousands  of  years  must  have 
Wn  required  to  enable  rivers  to  deepen  and  widen  their  valleys,  and 
>o  grind  down  fragments  of  rock  into  mud,  sand,  and  pebbles,  on  such 
luale  IS  to  produce  the  old  valley  gravels,  both  higher  and  lower, 
containing  dint  implements  and  the  bones  of  extinct  mammalia. 
'^rdlj,  much  time  ia  also  demanded  to  enable  springs  and  engulfed 
riTera  to  change  their  courses,  and  for  caves  which  once  lay  in  the 
line  of  a  great  subterranean  drainage  to  become  dry,  and  to  have 
tbeir  floors  encrusted  over  with  a  hard  covering  of  stalagmite. 
^1;,  ages  must  have  been  required  to  bring  about  such  a  change 
inibeclimateof  a  wide  region  as  to  cause  the  winters  to  be  less  severe, 
ud  the  geographical  distribution  of  certun  species  of  mammalia  and 
W  and  freshwater  shells  to  vary.  The  length  of  the  historical 
epoch,  even  if  assumed  to  be  3000  or  4000  years,  does  not  furnish  as 
*itli  any  appreciable  measure  for  calculating  the  number  of  centuriea 
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which  would  suffice  for  such  a  series  of  changes,  which  are  by 
no  means  of  a  local  character,  but  have  already  been  traced  from 
England  and  the  North-west  of  France  to  Sardinia  and  Sicily. 

Hehtlive  longevity  of  ipecie*  tn  the  mammalia  and  testacta.  — 
I  called  attention  in  1830*  to  the  fact  which  had  not  at  that  time 
attracted  notice,  that  the  association  in  the  post-pliocene  deposits  of 
ahella,  exclusively  of  living  species,  with  many  extinct  quadrupeds, 
betokened  a  longevity  of  species  in  the  testacea  far  exceeding  that 
in  the  mammalia.  Subsequent  researches  seem  to  show  that  this 
greater  duration  of  the  same  specific  forms  in  the  class  moUusca  is 
dependent  on  a  still  more  general  law,  namely,  that  the  lower  the 
grade  of  animals,  or  the  greater  the  simplicity  of  their  structure,  the 
more  persistent  are  they  in  general  in  their  specific  characters 
throughoDt  vast  periods  of  time.  Not  only  have  the  iuvertebrata, 
as  shown  by  geological  data,  altered  at  a  le!>s  rapid  rate  than  the 
vertebrata,  but  if  we  take  one  of  the  classes  of  the  former,  as  for 
example  the  moUusca,  we  find  those  of  more  simple  structure  to  have 
varied  at  a  slower  rate  than  those  of  a  higher  and  more  complex 
oi^anisation  ;  the  brachiopoda,  for  example,  more  alowly  than  the 
lameltibranchiate  bivalves,  while  the  latter  have  been  more  persistent 
than  the  univalves,  whether  gasteropoda  or  cephalopoda.  In  like 
manner  the  specific  identity  of  the  characters  of  the  foraminifera 
which  are  among  the  lowest  types  of  the  inverteforata  haa  outlasted 
that  of  the  moUusca  in  an  equally  decided  manner. 

Teelk  of  post-pliocene  mammalia. — To  those  who  have  never 
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studied  comparative  anatomy,  it  may  seem  scarcely  credible  that  a 
single  bone  taken  from  any  part  of  the  skeleton  may  enable  a  skilful 
eateologist  to  distinguish,  in  many  cases,  the  genus,  and  sometimes 
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(he  Species,  of  qu&druped  to  which  it  belonged.  Although  few  geo- 
logists c»n  aspire  to  such  knowledge,  which  must  be  the  result  of 
long  priclice  and  study,  they  will  QeverthelesB  derive  great  advan- 
tage from  learning,  what  is  comparatively  an  easj  task,  to  distinguish 
the  principal  divisiooe  of  the  mammalia  by  the  forms  and  characters 
of  Iheir  teeth. 

The  annexed  fignres  represent  the  teeth  of  some  of  the  more 
commos  species  ftad  genera  found  in  alluvial  and  cavern  deposits. 


PoM-plioccoa  Kid  pliocene. 

ns.li>.  Fig.  I  IK. 
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On  comparing  the  grinding  enrfaces  of  the  correaponding  mol&rs 
of  the  three  species  of  elephaats,  figs.  112  a,  113,  IH.,  it  will  be  seen 
that  the  folds  of  enamel  are  most  numerous  to  the  mammoth,  fewer 
and  wider,  or  more  open,  ia  E.  antiqwa ;  aod  most  open  and  fewest 
in  E.  meridionalis.  It  will  be  also  seen  that  the  enamel  in  the 
molar  of  the  rhinoceros  tichorinus  (fig.  116.)  is  much  thicker  than 
in  that  of  the  rhinoceros  leptorhinus  (fig.  113.). 
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CHAPTER  XI. 


POST-PLIOCENE    PEKIOD   CONTINITED. — GLAC1A.L   EPOCH. 

Geographical  diatribn^on,  fonn,  and  diaiicten  of  gluial  diirt  —  FuadimcntBl 
rocI[9,  polished,  grooved,  and  acralched  —  Abrading  and  srriadng  action  of 
glaciers — Moroiaei,  erratic  blocks,  and  "  Rochea  Montonn^es" — Alpine  blocks 
on  the  Jnra — Colo«aal  siie  of  ancient  Swiss  glaciers — Continental  ico  ot  Green- 
land— Ancient  centres  of  the  dispersion  of  erratics — Transportation  of  drift  bj 
floating  icebergs— Bed  of  the  sea  fuiroircd  and  polished  bj  the  running  aground 
of  floating  ice-islands^ — How  to  distinguisb  glacial  drift  of  submaiine  from  thai 
of  terrestrial  origin. 

Amono  the  different  kinds  of  alluvium  degcribed  in  Chapter  VII., 
a  paasing  allusion  was  made  (page  80.)  to  the  "  boulder  formation  " 
and  to  its  origin  as  probably  connected  with  tlie  agency  of  glaciers 
and  floating  ice.  This  formation,  to  which  many  names,  sacb  as 
"  diluvium,"  "  northern  drift,"  "  boulder  clay,"  and  "  glacial  depo- 
sits "  have  been  given,  ia  abuudant  in  Europe  north  of  the  50tb, 
and  in  North  America  north  of  the  40tb  parallel  of  latitude.  Il  is 
wanting  in  the  warmer  and  equatorial  regions,  and  reappears  when 
we  examine  the  lands  which  tie  south  of  the  40th  and  50th  parallels 
in  the  Southern  Hemisphere,  as,  for  example,  in  Patagonia,  Terra 
del  Fuego,  and  New  Zealand.  It  consists  of  sand  and  clay,  some- 
times strstified,  but  often  wholly  devoid  of  stratification  for  a  depth 
of  50,  100,  or  even  a  greater  number  of  feet.  To  this  unstratified 
form  of  the  deposit  the  name  of  till  has  long  been  applied  in  Scot- 
land. It  generally  contains  a  mixture  of  angular  and  rounded 
fragments  of  rock,  eome  of  large  size,  having  occasionally  one  or 
more  of  their  sides  flattened  and  smoothed,  or  even  highly  polished. 
The  smoothed  surfaces  usually  exhibit  many  scratches  parallel  to 
each  other,  one  set  of  which  often  crosses  an  older  set.  The  till  is 
almost  everywhere  wholly  devoid  of  organic  remains,  except  those 
washed  into  it  from  older  formations,  though  in  some  places  it  con- 
tains marine  shells  of  arctic  species,  many  of  them  in  a  fr^mentary 
state.  The  bulk  of  the  till  has  usually  been  derived  from  the 
grinding  down  into  mud  of  rocks  in  the  immediate  neighbourhood, 
so  that  it  is  red  in  a  region  of  Red  Sandstone,  as  in  Strathmore  in 
Forfarshire  j  grey  or  black  in  a  district  of  coal  and  coal-shale,  a* 
around  Edinburgh ;  and  white  in  a  chalk  country,  as  in  parts  of 
Norfolk  and  Denmark,  The  stony  fragments  dispersed  irregularly 
through  the  till  usually  belong,  especially  in  mountainous  countries. 
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ID  rodia  fouDd  in  some  part  of  the  same  hydrographical  basin  ;  but 
there  are  regions  where  the  whole  of  the  boulder  clay  has  come  from 
1  diituice,  and  huge  blocks,  or  "  erratics,"  as  they  have  been  called, 
mtny  feet  in  diameter,  have  not  onfrequently  travelled  hundreds  of 
miles  irom  their  point  of  departure,  or  from  the  parent  rocks  from 
irhicb  they  have  eridently  been  detached.  These  are  commonly 
ugukr,  and  bsTe  often  one  or  more  of  their  sides  polished  and  fur- 

Tbe  fundamental  rock  on  which  the  boulder  formation  reposes,  if 
it  consists  of  granite,  gneiss,  marble,  or  other  hard  stone,  capable  of 
petnuuiently  retainiog  aoy  superficial  markings  which  may  have 
bevn  imprinted  upon  it,  is  usually  smoothed  or  polished,  like  the 
emtics  above  described ;  and  exhibits  parallel  sttin  and  furrows 
hiTiDg  a  determinate  directioo.  This  direction,  both  in  Eorope  and 
North  America,  agrees  generally  in  a  marked  manner  with  the 
coarse  taken  by  the  erratic  blocks  in  the  same  district. 

The  boulder  clay,  when  it  was  first  studied,  seemed  in  many  of 
it)  characters  so  singular  and  anomalous,  that  geologists  despaired 
of  cTer  being  able  to  interpret  the  phenomena  by  reference  to  causes 
now  in  diurnal  action.  In  those  exceptional  cases,  where  marine 
ib«lls  of  the  same  date  us  the  boulder  clay  were  found,  nearly  all 
of  then  were  recognised  as  living  species — a  fact  conspiring  with  the 
wperficial  position  of  the  drift  to  indicate  a  comparatively  modern 
arigin.  The  recentness  of  the  date  caused  the  enigma  to  appear 
mlj  the  more  perplexing,  and  strengthened  the  belief  that  the  pbe- 
nomena  were  the  results  of  forces  distinct  both  in  kind  and  energy 
Irom  those  now  operating  in  the  ordinary  course  of  nature.  Notions 
of  this  kind  were  calculated  to  retard  the  progress  of  science,  by 
diTeniDg  attention  from  such  every-day  operations  as  were  capable 
i>r  producing  analogous  effects. 

The  term  "  diluvium  "  was  for  a  time  the  most  popular  name  of 
lh«  bonlder  formation,  because  it  was  referred  by  many  to  the  deluge 
or  Xoah,  while  others  retained  the  name  as  expressive  of  their 
opinion  that  a  series  of  diluvial  waves  raised  by  hurricanes  and 
iiomu,  or  by  earthquakes,  or  by  the  sudden  upheaval  of  land  front 
the  bed  of  the  sea,  had  swept  over  the  continents,  carrying  with 
ihem  vast  masses  of  mud  and  heavy  stones,  and  forcing  these  stones 
over  rocky  surfaces  so  as  to  polish  and  imprint  upon  them  long 
farrows  and  stris. 

Bqt  geologists  were  not  long  in  seeing  that  the  bonlder  formation 
na  characteristic  of  high  latitudes,  and  that  on  the  whole  the  size 
sad  number  of  erratic  blocks  increases  as  we  travel  towards  the 
*Klic  regions.  They  could  not  fail  to  be  struck  with  the  contrast 
vbich  the  countries  bordering  the  Baltic  presented  when  compared 
vith  those  surrounding  the  Mediterranean.  The  multitude  of  tra- 
velled blocks  and  striated  rocks  in  the  one  region,  and  the  absence 
of  mch  appearances  in  the  other,  were  too  obvious  to  be  overlooked. 
Even  the  great  development  of  the  boulder  formation,  with  lo^e 
•natics  so  far  south  as  the  Alps,  offered  an  exception  to  the  geoerat 
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rule  favourable  to  the  hypothesis  that  there  was  some  intimate  con- 
nection between  it  and  accumulations  of  anow  and  ice, 

Abradinff,  polishing,  tearing,  and  tratuporling  power  of  fflaciert. — 
It  is  well  known  that  those  parts  of  the  Alps  which  rise  to  heights 
exceeding  8500  feet  above  the  level  of  the  sea  are  covered  with 
perpetual  snow.  This  snow,  as  it  receives  annual  additions,  would 
increase  indefinitely  in  altitude  were  not  its  accumulation  checked 
by  the  constant  descent  of  a  large  portion  of  it  by  gravitation.  Aa 
it  glides  slowly  down  the  principal  valleys  flanking  the  highest 
mountains,  it  becomes  converted  into  solid  ice,  and  forme  what  are 
termed  glaciers,  or  rivers  of  ice,  the  lower  extremities  of  which, 
when  they  descend  into  warmer  regions,  melt  and  give  rise  to  torrents 
of  water.  On  the  borders  of  every  glacier  are  seen  on  either  side 
mounds,  or  taluses  of  rubbish,  consisting  of  angular  fragments  of 
rook,  with  large  heaps  of  sand  and  mud.  At  certain  distances  fh>iii 
each  side,  and  often  in  the  centre,  ridges  composed  of  similar  debris 
from  three  to  twelve  feet  in  height,  are  observable.  Each  of  these 
has  originated,  like  the  lateral  mounds,  in  the  form  of  a  talus  aoca- 
mulated  at  the  foot  of  a  steep  slope  or  precipice.  Frost,  r&in,  light- 
ning, and  avalanches  of  snow  are  constantly  detaching  fragments  of 
rock  and  soil  which  fallorrolldown  to  the  bottom  of  such  precipiceo. 
If  the  base  of  the  heap  of  loose  materials  were  washed  by  a  river,  it 
would  soon  be  undermined  and  swept  away,  but  when  this  fallen 
matter  reaches  the  edge  of  a  glacier,  which  is  always  moving  on- 
wards night  and  day  at  the  rate  of  several  inches,  or  sometimes  a, 
foot  or  two  in  twenty-four  hours,  the  whole  talus  becomes  locomotive, 
and  is  changed  into  a  long  stream  of  blocks  and  earthy  matter, 
fringing  tUc  glacier  on  both  sides,  and  constituting  what  are  called 
lateral  moraines.  As  often  as  glaciers  are  confluent,  the  right  lateral 
morune  of  one  blends  with  the  left  moraine  of  the  ottier,  and  both 
are  then  carried  down  in  the  middle  of  the  mass  of  ice  produced  by 
the  union  of  the  two  glaciers,  forming  what  is  called  a  medial 
morcune.  The  number  and  position  of  these  moraines  will  depend 
OD  the  number  and  sise  of  the  tributary  glaciers  which  join  the  main 
one.  By  such  machinery,  not  only  small  stones  and  earth,  but  erratic 
blocks  of  the  largest  sise  are  carried  down  from  the  mountains  to 
the  lower  valleys  and  plains,  performing  a  journey  of  twenty  or 
thirty  miles  in  the  course  of  several  centuries,  and  usually  retaining 
their  edges  sharp  and  unworn  to  the  last. 

When  the  glacier  passes  over  uneven  ground,  it  becomes  rent, 
and  traversed  by  broad  and  deep  transverse  fissures,  into  which  por- 
tions of  the  lateral  or  medial  moraines  are  precipitated.  Bills  of 
wateralso,derived  from  the  liquefaction  of  the  ice  by  the  sun's  rays  ia 
summer,  run  over  the  surface  of  the  glacier  until,  arriving  at  one  of 
these  fissures,  they  cascade  into  it.  From  this  source,  as  well  as  from 
springs,  which  must  occasioaally  break  out  under  the  glacier,  are 
derived  torrents  which  flow  under  the  ice  in  tunnels,  where  the 
angular  stones  which  have  fallen  to  the  bottom  through  the  Sssnres 
often  become  rounded,  as  in  the  ordinary  bed  of  a  river.     Other 
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blocki  tad  pebbles,  being  fixed  in  the  ice,  and  firmly  frocen  into  it, 
tre  paihed  along  the  bottom  of  the  glacier,  abrading,  polishing,  and 
grooving  the  rocky  fioor  below,  while  each  stone  is  reciprocally  fiat- 
tened,  polished,  aod  striated  on  its  lower  side.  As  Uie  forces  of 
doTnwird  pressure  and  onward  propulsion  are  enormous,  each  small 
gruQ  of  stud,  if  it  consist  of  quartz  or  some  hard  mineral,  scratches 
uid  polishes  the  surface,  whether  of  the  underlying  rock  or  of  the 
boulder  which  impinges  on  it,  as  a  diamond  cuts  glass  or  as  emery 
powder  polishes  steel.  The  striie  which  are  made,  and  the  deep 
grmres  which  are  scooped  out  by  this  action,  are  rectilinear  and 
pirallel  to  an  extent  never  seen  in  those  produced  on  loose  stones 
or  rocks,  where  shingle  is  hurried  along  by  a  torrent,  or  by  the  waves 
00  1  sea- beach. 

As  water  is  always  fiowing  under  some  parts  of  a  glacier,  and 
mnch  melting  and  regelation  are  going  on  in  different  places,  stones 
ue  liable  to  change  their  position,  in  which  case  a  second  set  of 
itria  and  furrows  may  be  imprinted  in  a  new  direction,  or  another 
iide  of  the  stone  becomes,  in  its  turn,  flattened,  striated,  and  polished, 
la  like  manner  the  solid  rock  underneath  the  glacier  may  exhibit 
KTilches  and  grooves  in  more  than  one  direction.  The  furrows 
'ill,  most  of  them,  coincide  with  the  general  course  of  the  valley  ; 
bat  as  the  ice  in  different  seasons  varies  in  quantity,  the  direction 
of  its  motion  at  any  given  point  is  not  uniform,  so  that  the  grooves 
ud  icralcbea  will  also  vary,  one  set  often  intersecting  another. 


Vhen  a  Swiss  glacier,  laden  with  mud  and  stones,  descends  so  far 
u  to  reach  «  region  about  3500  feet  above  the  level  of  the  sea,  the 
virmth  of  the  air  is  snch  that  It  melts  rapidly  in  summer,  and  in  spite 
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of  the  dowaward  moTement  of  the  mass,  it  can  advance  no  farther. 
Its  precise  limits  are  variable  from  jear  to  year,  and  still  more  so 
fromcentury  to  century  ;  one  example  being  on  record  of  r  recession 
of  half  B  mile  in  a  single  year.  We  also  learn  froia  U.  Venetz,  that 
whereas,  between  the  eleventh  and  fifteenth  centuries,  all  the  Alpine 
glaciers  were  less  advanced  than  now,  they  began  in  the  seventeenth 
and  eighteenth  centuries  to  push  forward,  so  as  to  cover  roads  formerly 
open,  and  to  overwhelm  forests  of  ancient  growth. 

These  oscillations  enable  the  geologist  to  note  the  marks  which  s 
glacier  leaves  behind  it  as  it  retrogrades  ;  and  among  these  the  most 
prominent  is  the  terminal  moraine,  which  is  a  confused  heap  of  on- 
stratified  rubbish,  like  the  till  before  described  ;  all  the  mud,  sand, 
and  pieces  of  rock,  with  which  the  glacier  was  loaded,  having  been 
slowly  deposited  in  the  same  spot  where  no  running  water  interfered 
to  sort  them,  by  carrying  the  smaller  and  lighter  particles  and  stones 
farther  than  the  bigger  and  heavier  ones.  These  terminal  morainej 
often  cross  the  valley  in  the  form  of  transverse  mounds,  more  or  leas 
divided  into  separate  masses  or  hillocks  by  the  action  of  the  torrent 
which  flows  out  from  the  end  of  tiie  glacier.  Such  transverse 
barriers  were  formerly  pointed  out  by  Saussuro,  below  the  glacier  of 
the  Rhone,  as  proving  how  far  it  had  once  transgressed  its  present 
boundaries.  On  these  moraines  we  see  many  large  angular  frsg- 
ments,  which,  having  been  carried  along  on  the  surface  of  the  ice, 
have  not  had  their  edges  worn  ofif  by  friction  ;  there  are  also  many 
boulders,  of  various  siies,  which  have  been  rounded;  some,  as  before 
stated,  by  the  power  of  water  beneath  the  glacier,  others  by  the 
mechanical  force  of  the  ice  which  has  pushed  them  i^ainst  each 
other,  or  against  the  rocks  flanking  the  valley. 

As  the  terminal  moraines  are  the  most  prominent  of  all  the  monu- 
ments left  by  a  receding  glacier,  so  are  they  the  most  liable  to  obli- 
teration; for  violent  floods  or  debacles  are  often  occasioned  in  the 
Alps  by  the  sudden  bursting  of  what  are  called  glacier-lakes.  These 
temporary  sheets  of  water  are  caused  by  the  damming  up  of  a  river 
by  a  glacier  which  has  increased  during  a  succession  of  cold  seasons, 
and  descending  from  a  tributary  into  the  main  valley,  hoe  crossed  it 
from  side  to  side.  On  the  failure  of  this  icy  barrier,  the  accumu- 
lated waters  are  let  loose,  which  sweep  away  and  level  many  a 
transverse  mound  of  gravel  and  loose  boulders  below,  and  spread 
tbeir  materials  in  confused  and  irregular  beds  over  the  rivei^plain. 

In  addition  to  the  polished,  striated,  and  grooved  surfaces  of  rock 
already  described,  another  mark  of  the  former  action  of  a  glacier  i' 
the  "  roche  montonnfe."  Projecting  eminences  of  rock  so  called 
have  been  smoothed  and  worn  into  the  shape  of  flattened  domes  by 
the  glacier  as  it  passed  over  them. 

Although  the  surface  of  almost  every  kind  of  rock,  when  exposed 
in  the  open  air,  wastes  away  by  decomposition,  yet  some  retain  for 
ages  their  polished  and  furrowed  exterior  ;  and,  if  they  are  well 
protected  by  a  covering  of  clay  or  turf,  these  marks  of  abrasion 
■eem  capable  of  enduring  for  ever.     Theiy  have  been  traced  in  the 
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Alps  to  great  heights  above  the  present  glaciers,  and  to  great  hori- 
lootal  distances  beyond  them. 

There  are  also  found,  on  the  sides  of  the  Swiss  Tolleys,  round  and 
deep  boles  with  polished  sides,  such  boles  as  waterfalls  make  in  the 
solid  rock,  but  in  places  remote  from  ruDuing  waters,  and  where  the 
fonn  of  the  surface  makes  it  difficult  to  suppose  that  any  cascade 
could  ever  have  existed.  Similar  cavities  are  common  in  hard  rocks, 
lach  as  gneiss  in  Sweden,  where  they  are  called  giant  caldront,  and 
ue  Bomecimes  ten  feet  and  more  in  depth  ;  but  in  the  Alps  and  Jura 
ihey  often  pass  into  apoon-shaped  excavations  and  prolonged  gut' 
ten.  We  learn  from  M.  Agaasiz  that  hoUons  of  this  form  are  sow 
rat  out  by  streams  of  water  which,  after  flowing  along  the  surface 
of  >  glacier,  fall  into  open  fissures  in  the  ice  and  form  a  cascade. 
Here  the  falling  water,  causing  the  gravel  and  sand  at  tbe  bottom 
to  rotate,  cute  out  a  round  cavity  in  the  rock.  But  as  tbe  glacier 
■ouves  on,  the  cascade  becomes  locomotive,  and  what  would  other- 
wiie  have  been  a  circular  hole  ie  prolonged  into  a  deep  groove. 
Tie  form  of  the  rocky  bottom  of  the  valley  down  which  the  glacier 
i»  moving  causes  the  rents  in  the  ice  and  these  locomotive  cascades 
to  be  formed  again  and  again,  year  after  year,  in  exactly  the  same 
•pots. 

Another  efiect  of  a  glacier  is  to  lodge  a  ring  of  stones  round  the 
tnmnit  of  a  conical  peak,  or  a  single  block  on  a  sharp  lidge,  which 
may  happen  te  project  through  the  ice.  If  the  glacier  is  lowered 
greatly  by  melting,  these  blocks  or  circles  of  large  angular  frag- 
ments, which  are  called  "perched  blocks,"  are  left  in  a  singular 
titnation  at  or  near  tbe  top  of  a  sharp  pinnacle  or  ridge,  the  lower 
pirts  of  which  may  be  destitute  of  boulders. 

Alpine  blocks  on  the  Jura. — Some  or  all  the  marks  above  enu- 
merated— the  moraines,  erratics,  polished  surfaces,  domes,  striffi, 
caldrons,  and  perched  rocks~-are  observed  in  the  Alps  at  great 
heights  above  tbe  present  glaciers,  and  far  below  their  actual  ex- 
tremities ;  also  in  the  great  valley  of  Switzerland,  fifty  miles  broad ; 
■nd  almost  everywhere  on  the  Jura,  a  chain  which  ties  to  the  north 
of  this  valley.  Tbe  average  height  of  tbe  Jura  is  about  one-tfaird 
that  of  the  Alps,  and  it  is  now  entirely  destitute  of  glaciers ;  yet  it 
presents  alniost  everywhere  similar  moraines,  and  the  same  polished 
»nd  grooved  surfaces  and  water-worn  cavities.  The  erratics,  more- 
over, which  cover  it,  present  a  phenomenon  which  has  astonished 
ud  perplexed  tbe  geologist  for  more  than  half  a  century.  No  con- 
elnsioQ  can  be  more  incontestable  than  that  these  angular  blocks  of 
granite,  gneiss,  and  other  crystalline  formations,  came  from  the  Alps, 
ud  that  they  have  been  brought  for  a  distance  of  fifty  miles  and 
opwirds  across  one  of  the  widest  and  deepest  valleys  in  tbe  world ; 
10  that  they  are  now  lodged  on  the  hills  and  valleys  of  a  chain  com- 
posed of  limestone  and  other  formations,  altogether  distinct  from 
those  of  the  Alps.  Their  great  size  and  angularity,  after  a  journey 
oC  M  many  le^ues,  has  justly  excited  wonder;  for  hundreds  of 
iIkd)  are  as  Ui^e  as  cottages  ;  and  one  in  particular,  composed  of 
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gneiss,  celebrated  under  the  name  of  Pierre  k  Bot,  rests  on  the  side 
of  a  hill  about  900  feet  above  the  lake  of  Neafcbatel,  and  is  no  lees 
tlian  40  feet  in  diameter. 

In  the  year  1821,  M.  Veneti  first  announced  hia  opinion  that  the 
Alpine  glaciers  mast  formerly  bare  extended  far  beyond  their  present 
limits,  and  the  proofs  appealed  to  by  him  in  confirmation  of  this 
doctrine  were  afterwarda  acknowledged  by  M.  Cbvpentier,  wlio 
strengthened  them  by  new  observatioiia  and  arguments,  and  de- 
dared,  in  1836,  his  conviction  that  the  glaciers  of  the  Alps  must 
once  have  reached  as  far  as  the  Jura,  and  have  carried  thither  their 
moraines  across  the  great  valley  of  Switzerland.  M.  Agassiz,  after 
several  excuwione  in  the  Alps  with  M.  Chupentier,  and  after 
devoting  himself  for  some  years  to  the  study  of  glaciers,  published, 
in  1840,  an  admirable  description  of  them  and  of  the  marks  which 
attest  the  former  action  of  great  masses  of  ice  over  the  entire  sur- 
face of  the  Alps  and  the  surrounding  country.* 

M.  Charpentier  conceived  that  the  Alps,  at  the  time  when  the 
glaciers  extended  continnonsly  from  them  to  the  Jura,  and  conveyed 
to  them  so  many  Alpine  erratic!),  were  SOOO  or  3000  feet  higher 
than  now.  Professor  James  D.  Forbes,  in  his  excellent  work  on  the 
Alps,  published  in  1843,  came  in  like  manner  to  the  conclusion  that 
the  ancient  glaciers  were  of  colossal  size,  and  had  once  stretched 
from  the  principal  chain  to  the  Jura.  The  original  theory  of  Sana- 
sure,  that  the  erratics  were  all  whirled  along  to  great  distances  by 
a  rapid  current  of  muddy  water  rushing  from  the  Alps,  has  long 
been  exploded  ;  and  the  bypotheeia  of  the  submergence  of  Switier- 
land  beneath  the  waters  of  the  sea,  and  the  truieportation  of  moraines 
and  erratic  blocks  on  ice-ra^s  or  floating  icebergs  from  the  Alps 
to  the  Jura,  then  an  island — a  view  to  which  I  myself  formerly 
leaned — has  been  disproved  by  a  careful  study  of  the  present  distri- 
bution of  the  travelled  masses.  Their  arrangement,  both  on  the 
north  and  south  of  the  great  chain,  whether  in  the  Fays  de  Tand 
and  Jura  or  in  the  plains  of  the  Fo,  is  such  as  to  imply  that  they 
were  transported  to  their  present  sites  by  glaciers  of  enormous  sice 
descending  by  the  existing  valleys  at  a  time  when  all  the  great  lakes 
were  filled  with  ice,  or,  in  other  words,  formed  parts  of  these  same 
glaciers.  The  entire  absence  of  marine  shells  from  the  old  glacial 
drift  of  Switzerland,  and  of  the  Alps  generally,  is  confirmatory  of 
this  theory,  and  against  the  doctrine  of  a  marine  auhmergence.  The 
moraine-like  arrangement  of  the  boulders  has  also  led  the  most  ex- 
perienced Swiss  and  Italian  geologists,  who  have  of  late  yeara 
devoted  mnch  time  and  talent  to  the  study  of  this  subject,  to  adopt 
the  same  hypothesis  of  land-glaciera.  Among  other  writers  I  may 
mention  MM.  Studer,  Guyot,  Escber  von  der  Linth,  Morlot,  Gae- 
taldi,  Gabriel  de  Mortillet,  Omboni,  and  others. 

It  has  been  stated  that  the  boulder  formation  and  all  the  attendant 
phenomena  of  striated  and  dome-shaped  rocks  and  far-transported 
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emtics  become  more  and  more  conepicuoua  in  proportion  as  wb  ex- 
tend  oar  Batrej  to  higher  latitudes.  We  find,  for  example,  a  charac- 
lenatic  displk^  of  them  in  Norway,  Sweden,  and  Denmark,  the 
MStbern  borders  of  the  Baltic  or  Northern  Germany,  European 
fimaia,  and  FinUnd.  They  are  also  observable  in  the  mountainous 
ifgiona  of  Scotland,  Wales,  and  of  the  British  Isles  generally.  But, 
b«eides  the  appearances  already  noticed,  there  occur  here  and  there 
in  the  countries  jnet  aUuded  to,  deposits  of  marine  fossil  shells, 
etnctly  belonging  to  the  glacial  period,  which  exhibit  so  arctic  a 
cbaracler  that  they  must  have  led  the  geologist  to  infer  the  former 
prsTslence  of  a  much  colder  climate,  even  had  be  not  encountered 
»  maoy  accompanyiug  signs  of  ice-action.  The  same  marine  shells 
dtnxiDstrate  the  submeigeace  of  large  areas  in  Scandinavia  and 
tlie  British  Isles,  and   other  regions,    during  parts  of  the  glacial 

A  chancteristic  feature  of  the  deposits  under  consideration  in  all 
tlKsecouDtriesis  the  occurrenceof  large  erratic  blocks,  and  sometimes 
of  BOTiine  matter,  in  situations  remote  from  lofty  mountains,  and 
••psrsted  from  the  nearest  points  where  the  parent  rocks  appear  at 
the  inrikce  by  great  intM^eaing  valleys,  or  arms  of  the  sea.  Such 
tppcanuces  require  us  to  suppose  important  geographical  changes 
of  t  date  subsequent  to  the  drift.  But  even  where  the  land  does 
not  leem  to  have  undergone  much  local  alteraUon,  such  as  would 
Malt  from  upheaval  and  subsidence,  we  often  observe  strise  and 
fnrTows,  as  in  Norway,  Sweden,  and  Scotland,  which  are  not  in 
'trict  BCcordaoca  with  the  direction  of  any  separate  glaciers,  which 
cut  be  supposed  to  have  once  descended  through  existing  valleys. 
Usay  of  the  markings  referred  to  deviate  from  the  direction  which 
Uwy  Might  to  follow  if  they  had  been  connected  with  the  present 
I'm  of  drainage,  and  they,  therefore,  imply  the  prevalence  of  a  very 
iittioct  condition  of  things  at  the  time  when  the  cold  was  most  in- 
t^K.  The  actual  state  of  the  Continent  of  North  C^reenland  seems 
to  afltud  the  beat  explanation  of  such  abnormal  glacial  markings. 

Of  that  country  a  faithful  description  has  been  given  to  us  by 
Kink,  now  governor  of  the  Danish  Settlemente  in  Baffin's  Bay,  who 
W  more  than  any  other  scientiBc  traveller,  explored  both  the  coast 
ud  the  interior.*  The  land,  he  says,  may  be  divided  into  two 
■^otie — the  inland  and  the  outskirts.  The  inland  is  800  miles 
[Kun  west  to  east,  and  of  much  greater  length  from  north  to  south. 
It  is  s  vast  unexplored  continent,  buried  under  one  continuous  and 
nktuil  mass  of  ice  that  is  always  moving  seaward,  a  very  small  part 
"fit  in  an  easterly  direction,  and  all  the  rest  westward,  or  towards 
^■ffio'sBsy,  All  the  minor  ridges  and  valleys  are  levelled  and  con- 
f'liei  under  a  general  covering  of  snow,  but  here  and  there  some 
""f  mountains  protrude  abruptly  fVom  the  icy  slope,  and  a  few 
nperfi^  lines  of  stones  or  monunes  are  visible  at  certain  seasons, 
*hen  DO  snow  has  fallen  for  many  months,  and  when  evaporation 
i.  p.  149.,  aod  Ljell,  An- 
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promoted  b;  the  wind  and  suu,  has  caused  much  of  the  upper  enow 
to  disappear.  After  penetrating  a  great  distance  eastward  in  lat. 
72°  N.,  Rink  etill  saw  lines  of  these  stones  in  the  extreme  distance, 
indicating,  he  says,  the  exisWnce  of  precipitous  mountains,  piercing 
through  the  snow  still  farther  east.  The  height  of  this  continent  is 
unknown,  but  it  must  be  very  great,  as  the  most  elevated  lands  of 
the  outskirts  which  are  described  as  comparatively  low,  attain  alti- 
tudes  of  4000  and  6000  feet.  The  icy  slope  gradually  lowers  itself 
towards  the  outskirts,  and  then  terminates  abruptly  ia  a  mass  aboat 
SOOOfeet  in  thickness,  the  great  discharge  of  ice  taking  place  through 
certain  large  friths  which,  at  their  upper  ends,  are  usually  about 
four  miles  across.  Down  these  friths  the  ice  is  protruded  in  huge 
masses,  several  mites  wide,  which  continue  their  course — grating 
along  the  rocky  bottom  like  ordinary  glaciers  long  after  they  have 
reached  the  salt  water.  When  at  last  they  arrive  at  parts  of  Baffin's 
Bay  deep  enough  to  buoy  up  icebergs  from  1000  to  1500  feet  in 
vertical  thickness,  bi-okeu  masses  of  them  float  off,  carrying  with 
tliem  on  their  surface  not  only  fine  mud  and  sand  but  large  stones. 
These  Iragments  of  rock,  as  I  am  informed  by  Dr.  Otto  Torell,  who 
has  examined  many  of  the  bergs  after  they  had  run  aground,  are 
often  polished  and  scored  on  one  or  more  sides,  and  as  the  ice  inelte, 
they  drop  down  to  the  bottom  of  the  sea,  where  large  quantities  of 
mud  are  deposited,  and  this  muddy  bottom  is  inhabited  by  many 
molluaca. 

The  outskirts,  where  the  Danish  colonists  are  settled,  compnse  an 
area  of  30,000  square  miles  in  extent,  including  many  islands  and 
peninsulas,  and  some  fiords  from  50  to  100  miles  long,  down  which 
the  ice  passes,  either  floating  or  sometimes,  as  already  stated,  in 
contact  with  the  bottom.  Kink  counted  twenty-two  great  ice-streams 
along  the  coast,  which  indicate  the  position  of  as  many  concealed  val- 
leys or  straths,  by  which  relief  is  given  to  the  snow  and  ice  annually 
accumulating  in  the  interior.  From  the  same  points  the  principal 
glaciers  or  rivers  would  issue  if,  at  some  future  period,  there  should 
be  a  milder  climate.  But  although  the  direction  of  the  ice-streams 
in  Greenland  may  coincide  in  the  main  with  that  which  separate 
glaciers  would  take  if  there  were  no  more  ice  than  there  is  now  in 
the  Swiss  Alps,  yet  the  striation  of  the  surface  of  the  rocks  on  an 
ice-clad  continent  would,  on  the  whole,  vary  considerably  in  its 
minor  details  from  that  which  would  be  imprinted  on  rocks  constitut- 
ing a  region  of  separate  glaciers.  For  where  there  is  a  universal 
covering  of  ice  there  will  be  a  general  outward  movement  from  the 
higher  and  more  central  regions  towards  the  circumference  and  lower 
country,  and  this  movement  will  be,  to  a  certain  extent,  independent 
of  the  minor  inequalities  of  hill  and  valley,  when  these  are  all  re- 
duced to  one  level  by  the  snow.  The  moving  ice  may  sometimes 
cross  even  at  right  angles  deep  narrow  ravines,  or  the  cresta  of 
buried  ridges,  on  which  last  it  may  afterwards  seem  strange  to  de- 
tect glacial  striie  and  polishing  after  the  liquefaction  of  tlie  snow 
and  ice  has  taken  place. 
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RjDk  mentions  that,  in  North  GreenUnd,  powerful  springs  of 
cUfej  water  e8Cft|»e  ia  winter  from  under  the  ice,  where  it  deecends 
to  "  the  outskirts,"  and  where,  as  alread;  stated,  it  is  often  2000  feet 
tbick^a  fact  showing  bow  much  grinding  action  is  going  on  upon  the 
tnrrace  of  the  subjacent  rocks.  I  also  lenm  from  Dr.  Torell  that 
tb«re  are  lai^e  areas  in  the  outskirts,  now  no  longer  covered  with 
permaoent  snow  or  glaciers,  which  exhibit  on  their  surface  nnmis- 
Ukable  signs  of  ancient  ice-action,  so  that,  r&st  as  is  the  power 
Mir  exerted  b^  ice  in  Greenland,  it  must  once  hare  operated  on  a 
»iU  grander  scale.  The  land,  though  now  vwj  elevated,  may  per- 
liipt  have  been  formerly  much  higher.  This,  indeed,  is  more  than 
probable,  as,  ever  since  the  country  baa  been  known  to  the  Danes, 
or  for  the  last  four  centuries,  the  whole  coast,  from  latitude  60° 
to  tboat  70°  N.  has  been  sinking  at  the  rate  of  several  feet  in  a 
untDiy.  By  this  means  a  surface  of  rock,  well  scored  and  polished 
b^  ice,  is  now  slowly  subsiding  beneath  the  sea,  and  ia  becoming 
strewed  over  as  the  icebergs  melt,  with  impalpable  mud  and  smoothed 
ud  scratched  stones. 

When  we  contemplate,  therefore,  the  effects  which  are  now  in 
progress  in  North  Greenland  and  on  its  shores,  as  well  as  in  the  bed  of 
ibe  adjoining  sea,  under  the  influence  of  the  ice,  both  of  glaciers  and 
flotling  berga,  combined  with  a  vertical  movement  of  the  continent 
ud  floor  of  the  ocean,  which  is  now  one  of  subsidence,  but  which 
atj  at  some  future  time  be  converted  into  one  of  upheaval,  we  are 
presented  with  a  key  to  the  interpretation  of  many  disUnct  classes 
of  glacial  phenomena  once  regarded  as  most  enigmatical. 

Aoacconnt  was  given  EO  long  sgo  as  the  year  1822,  by  Scoresby,  of 
icebergs  seen  by  him  in  the  Arctic  seas  drifting  along  in  latitudes  69° 
ud  TO"  N.,  which  rose  above  the  surface  from  100  to  200  feet,  and 
Knse  of  which  measured  a  mile  in  circumference.  Many  of  them 
were  loaded  with  beds  of  earth  and  rock,  of  such  thickness  that  the 
««ight  was  conjectnred  to  be  from  50,000  to  100;000  tons.  A  similar 
tnntportation  of  rocks  is  known  to  be  in  progress  in  the  soothern 
bemispbere,  where  boulders  included  in  ice  are  far  more  frequent 
tbu  in  the  north.  One  of  these  icebergs  was  encountered  in  1839, 
in  mid-ocean,  in  the  antarctic  regions,  many  hundred  miles  from  any 
kDown  land,  sailing  northwards,  with  a  large  erratic  block  firmly 
(rozea  into  it.  In  order  to  understand  in  what  manner  long  and 
nnigbtgroovesmaybe  cut  by  such  agency,  we  must  remember  that 
>i>e*e  floating  island  of  ice  have  a  singular  steadinesa  of  motion,  in 
onieqnence  of  the  lai^er  portion  of  their  bulk  being  sunk  deep 
<nder  water,  so  that  they  are  not  perceptibly  moved  by  the  winds 
ud  waves  even  in  the  strongest  gales.  Many  had  supposed  that  the 
Bignitnde  commonly  attributed  to  icebergs  by  unscientific  naviga- 
Un  was  exaggerated,  but  now  it  appears  that  the  popular  estimate 
of  their  dimensions  baa  ratber  fallen  within  than  beyond  the  truth, 
lluy  of  them,  cwefully  measured  by  the  officers  of  the  French  explor- 
ing expedition  of  the  Astrolabe,  were  between  100  and  225  feet  high 
abore  water,  and  from  two  to  five  miles  in  length.    Captain  d'Urville 
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ascertained  one  of  them  which  he  a&w  floating  in  the  Sontbern 
Ocean  to  be  13  miles  long  and  100  feet  high,  with  walls  perfectly 
vertical.  The  submerged  portions  of  sach  islands  mast,  according 
to  the  weight  of  ice  relatiTolj  to  eea- water,  be  fVom  six  to  eight  times 
more  considerable  than  the  part  which  is  visible,  so  that  when  they 
are  once  faiHy  set  in  motion,  the  mechanical  force  which  they  might 
exert  against  any  obstacle  standing  in  their  way  would  be  prodi- 
gious.*  A  considerable  proportion  of  these  floating  masses  of  ice  is 
supposed  not  to  be  derived  from  terrestrial  glaciers,  but  to  be  fonned 
at  the  foot  of  cliffs  by  the  drifting  of  snow  from  the  land  over  the 
frozen  surface  of  the  sea,  the  snow  by  repeated  melting  and  regela- 
tioQ  being  in  time  converted  into  ice.  But  most  of  the  bergs  of  t^e 
Southern  Ocean  are  formed  in  the  same  way  as  the  principal  ones 
in  Baffin's  Bay :  for  Dr.  Hooker  informs  me  that  the  ice  of  the 
Antarctic  Continent,  or  Victoria  Land,  like  that  of  Greenland,  as 
described  by  Rink,  is  strewed  over  with  rocky  fragments,  there 
being  always  some  bare  precipices  and  monntain  pe^s  protruding 
from  the  great  wilderness  of  snow  from  which  moraines  may  be  de- 
rived. These  moraines  are  carried  down  to  the  coast  and  then 
floated  northwards  on  detached  icebergs  to  great  distances. 

We  learn,  therefore,  from  a  study  both  of  the  arctic  and  antarctic 
r^ions,  that  a  great  extent  of  land  may  be  entirely  covered  tbrongh- 
out  the  whole  year  by  snow  and  ice,  from  the  summits  of  the  loftiest 
mountains  to  tLe  sea  coast,  and  may  yet  send  down  angnlar  erratics 
to  the  ocean.  We  may  also  conclude  that  such  land  will  become  in 
the  course  of  ages  almost  everywhere  scored  and  polished  like  the 
rocks  which  underlie  a  glacier.  The  discharge  of  ice  into  the  sur- 
rounding sea  will  take  place  principally  through  the  main  valleys, 
although  these  are  hidden  from  our  sight.  Erratic  blocks  and  mo- 
raine matter  will  be  dispersed  somewhat  irregularly  after  reaching 
the  sea,  for  not  only  will  prevailing  winds  and  marine  currents 
govern  the  distribution  of  the  drift,  but  the  shape  of  the  submerged 
area  will  bave  its  influence  ;  inaemncb  as  floating  ice,  laden  with 
stones,  will  pass  freely  through  deep  water  while  it  will  run  aground 
where  there  are  reefs  and  shallows.  Some  icebergs  in  Baffin's  Bftj 
have  been  seen  stranded  on  a  bottom  1000  or  even  1500  feet  deep. 
In  the  course  of  ages  such  a  sea-bed  may  become  densely  covered 
with  transported  matter,  from  which  some  of  the  adjoining  gre&ter 
depths  may  be  free.  If,  as  in  West  Oreenland,  the  land  is  slowly 
sinking,  a  large  extent  of  the  bottom  of  the  ocean  will  consist  of 
rock  polished  and  striated  by  land-ice,  and  then  overspread  bjmud 
and  boulders  detached  from  melting  bergs.  But  other  large  areas 
of  the  bed  of  the  sea  will  also  be  marked  by  the  repeated  friction 
of  masses  of  floating  ice,  some  of  them  several  miles  in  diameter, 
which,  when  they  strand  on  a  gently  shelving  reef,  must  grate  along 
the  bottom  for  some  distance  before  their  conr^e  is  arrested.  The 
plasticity  of  ice,  or  its  capability,  by  whatever  theory  expluned,  of 
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DKmldiDg  itself  Bnddeolj  into  new  forms  under  great  pressure  is  so 
mnu-kible,  that  when  enormous  masses  of  it  &re  floating,  and  moving 
It  the  rate  of  tvo  or  more  miles  an  hour,  the;  must,  on  arriving  at 
I  ihehiDg  floor  of  rock,  adapt  their  forms  to  its  surface,  and  often  be 
forcedwith  violence  into  any  cavities  which  the  uneven  bottom  maj 
ftaeal  Before  the  momentum  of  so  vast  a  volume  of  matter  can  be 
onmme,  the  ice,  moving  with  what  may  be  called  great  velocity, 
Khen  coDtruted  with  the  insensible  progress  of  a  glacier,  must  give 
riw  to  no  smalt  trituration  of  rock.  This  will  be  the  more  sure  to 
bippen,  because  the  largest  bergs,  bj  their  unequal  rate  of  melting 
ilnTe  ud  below  water,  are  continually  capuzing,  the  centre  of 
fnyjtj  often  shifting  ;  and  by  such  changes  the  superficial  moraines, 
oflcD  firmly  frozen  into  the  ice,  are  carried  down  to  form  the  base  of 
tbe  iceberg,  and  supply  eand  and  stones  for  polishing  and  scoring  the 
oceu'g  floor.  The  submarine  striiB  and  grooves  may  be  as  uniform 
in  their  direction,  and  as  parallel  as  those  scooped  out  by  glaciers  in 
ID  iolud  valley  ;  for  in  the  same  tracts  the  floating  ice-islands  will 
iDanallj  take  tbe  same  course  at  corresponding  seasons  of  the  year, 
being  canied  by  similar  winds  and  eurrents  in  the  same  direction. 
Tbdr  Tut  size  also  must  often  tend  to  give  on  uniformity  to  their 
stonag  action,  over  a  space  several  miles  in  width.  Could  we  ima- 
^ue  btiildings  each  as  St  Peter's  or  St  Paul's  to  be  submei^d,  and 
u  iceberg,  several  miles  in  diameter  and  two  thousand  feet  in 
height,  advancing  with  the  veloci^  of  two  or  three  miles  an  honr  to 
ttrike  them,  it  is  evident  they  must  be  thrown  down  as  readily  as 
were  the  stone  walls  of  the  peasants'  chalets  in  the  early  part  of  the 
prwenl  century  by  the  Gomer  glacier  above  Zermatt  We  may, 
ilerefore,  fmrly  presume  that  whenever  a  submei^ed  area  which 
lud  oDce  been  traversed  by  floating  and  occasionally  stranding 
ieeber^  is  converted  into  land  by  upheaval,  it  will  display  on 
i&  enrfsee  most  of  Ae  characteriBtios  which  mark  the  former 
•geney  of  glaciers  on  dry  land.  No  sharp  pinnacles  of  rocks  can  be 
1^  Etsoding,  since  they  will  all  have  been  worn  down  and  reduced 
to  dome-shaped  masses,  while  scratches  and  long  grooves  will  every- 
*bere  be  left  on  rocky  surfaces.  Even  till,  or  unstratifled  matter, 
nndistinguiahable  from  ordinary  moraines,  will  rarely  be  wanting. 

Those  who  have  bad  opportunities  of  inspecting,  in  the  sea  off 
tbe  coast  of  Labrador,  packs  of  icebergs  which  have  run  agronad  in 
vsler  having  sometimes  a  depth  of  many  hundred  feet,  describe 
isgnon-like  expanses  of  sea  perfectly  quiet,  and  free  from  all  agita- 
lion  of  the  waves  of  the  Atlantic.  These  areas  of  still  water  u« 
rarroanded  on  all  sides  by  icebergs  from  100  to  300  feet  high,  fye- 
qiKDlly  containing  moraine  matter  on  their  surface,  or  frozen  into 
them.  Snch  icy  masses  may  remain  aground  for  weeks  or  months, 
unlit  they  are  rednced  by  melting  to  a  size  which  admits  of  their 
flotiing  off  and  resuming  their  wanderings.  The  mud,  sand,  and 
Wlders  which  they  let  fall  in  still  water  must  be  exactly  like  tbe 
niortinea  of  terrestrial  glaciers,  devoid  of  etratiflcation  and  organic 
rentsios.     But  occasioully,  on  the  outer  side  of  such  packs  of 
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stranded  bergs,  the  waves  and  currents  ma;  cause  the  detached 
earthj  and  atony  materiale  to  be  sorted  according  to  size  and  weight 
before  they  reach  the  bottom,  and  to  acquire  a  stratified  ■muige- 
meut. 

I  have  already  alluded  (p.  145.)  to  the  large  quantity  of  ice,  con- 
taining great  blocks  of  stone,  which  are  sometimes  seen  floating  far 
from  land,  in  tbe  southern  or  Antarctic  seas.  It  is  eTideut  that  soch 
glacial  drift,  whereTer  it  may  happen  to  alight  on  the  floor  of  the 
ocean,  will  have  no  connection  with  the  external  shape,  or  internal 
composition,  of  the  rocks  on  which  it  may  chance  to  falL  After  the 
emergence,  therefore,  of  such  a  anb-marine  area,  the  superficial 
detritus  wUl  hare  no  necessary  relation  to  tbe  hills,  valleys,  and 
river-plains  over  which  it  will  be  scattered.  Many  a  water-shed 
may  intervene  between  the  starting-point  of  each  erratic  or  pebble 
and  its  final  resting-place,  and  the  only  meana  of  discovering  the 
country  from  which  it  took  its  departure  will  consist  in  a  careful 
comparison  of  Its  mineral  or  fossil  contents  with  those  of  the  parent 
rocks. 

It  will  be  seen  in  the  next  chapt«-  that  throughout  large  parte  of 
Scotland,  Scandinavia,  and  other  countries,  the  till  and  boulders  are 
M  connected  in  mineral  and  lithological  character  with  the  structure 
of  the  hills  and  valleys  belonging  to  the  hydrographical  basins  over 
which  they  are  strewn,  that  tbey  must  have  been  produced  by  land- 
glaciers,  tjthough  ia  the  same  regions  drift  of  submarine  origin  is 
occasionally  met  with. 
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CHAPTER  Xn. 


Gluiitira)  of  ScondiaftTii  and  Siurim — QUcUtion  of  Scotlaod — Mvine  ihellt  in 
Scotch  glAcial  drift — Their  Arciie  chuacCer — Baritj  of  organic  remtuua  in 
gliciil  depoiiu — Contorted  itrata  in  dr[fb — Glaciation  of  Wales,  England,  and 
lidud— Muioe  ihellt  of  Mo«l  Tryfaea — Norfolk  drifi — Qladal  fbimationg  of 
N«ih  AmeriM — Hotr  far  of  inbmarine  origin — Han;  ipeciM  of  tenacea  and 
ijudfflpcdi  luTiTed  the  glacial  cold — Connection  of  the  predominance  of  lakei 
wiih  glacial  action— Horsinic  lake»— ObjeMioni  to  thalijpotbeuaof  tbeeroaioii 
ol  lu^  lake-buinj  bj  ice— Convenioa  of  vallsji  of  deandation  into  lake*  b; 
ipwitd  and  dovniTanl  moTementa — Accicm  of  ice  in  prerenting  the  lilting-op 
gf  like-batbt — How  the  bed  of  a  Ka  where  iceberga  have  abounded  maj,  on 
eorrgiDg,  afford  lake-baiin* — Qeneral  cbubcs  of  change  of  cliiiute-~  Sab- 
mergence  of  the  Sahftn  in  the  Poit-pliocene  period  a  caiue  of  Alpine  cold — 
UcMoritei  in  drilL 

HiTiKG  in  the  last  chapter  deacribed  the  pemumeDt  effects  which 
CMtinental  ice,  glaciers  and  icebergs,  impriat  on  the  surface,  I  shall 
Kow  proceed  to  describe  some  of  the  geological  inounmetitB  of  ice- 
KtioD  of  more  ancient  date,  or  of  the  FoBt-|diocene  period,  observa- 
ble in  Europe  and  North  America. 

Gladation  of  Scandinavia  and  Ruatia. — In  large  tracts  of  Norwa; 
ud  Sweden,  where  there  have  been  no  glaciers  \a  historical  times, 
ibe  ugiiB  of  ice-action  have  been  traced  as  high  as  6000  feet  above 
tbe  lerel  of  the  sea.  These  signs  consist  chiefly  of  polished  and 
furrowed  rock  auTfaces,  of  moraines  and  erratic  blocks.  The  direc- 
tioB  of  the  erraticB,  like  that  of  tho  farrows,  has  osnally  been  con- 
Ainmble  to  the  course  of  the  principal  valleys ;  but  the  liues  of 
both  nmetimea  radiate  outwards  in  tH  directions  ftom  the  highest 
lud,  in  a  manner  which  ia  only  explicable  by  the  hypothecs  of  a 
general  envelope  of  continental  ice,  like  that  of  Greenland,  noticed 
in  tbfl  last  chapter.  Some  of  the  far- transported  blocks  haye  been 
cinied  from  the  central  parts  of  ScaudinaTia  towards  the  Polar 
K^ns;  others  southwards  to  Denmark;  some  south- wee twards,  to 
tbe  coast  of  Norfolk  in  England  ;  others  aouth-east wards,  to  Ger- 
nuny,  Poland,  and  Russia,  and  to  these  same  countries  small  stones 
ud  Sner  matter  have  also  been  conveyed,  evidently  by  the  aid  of 
floating  ice.  The  southern  and  south-ea8t«rn  limits  of  this  drift 
We  been  well  marked  out  by  Sir  Roderick  L  Morchison  and 
l>u  feUow-Ubooren,  M.  de  Vemenil  and  Count  Keyserling,  in  a  map 
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illustrating  their  great  work  on  the  geology  of  RuBsia ;  and  they 
have  pointed  out  how  this  drift "  proceeded  eccentrically  from  a 
GDmmon  central  region." 

It  appears  ftom  their  obserTationa  that  the  blocks,  scattered  over 
lai^e  districts  of  Russia  and  Poland,  agree  precisely  in  mineral 
characl«r  with  rocks  of  the  mountains  of  Lapland  and  Finland  ; 
while  the  masses  of  gneiss,  syenite,  porphyry,  and  trap,  strewed  over 
the  lew  sandy  countries  of  Pomerania,  Holstein,  and  Denmark,  are 
identical  in  their  compositioD  with  the  monnbuns  of  Norway  and 
Sweden. 

It  is  found  to  be  a  general  rule  in  Russia,  that  the  smaller  blocks 
are  carried  to  greater  distances  from  their  point  of  departure  than 
the  larger ;  the  distance  being  sometimes  800,  and  even  1000,  miles 
from  the  nearest  rocks  from  which  they  were  broken  off  i  the  di- 
rection having  been  from  !N.W,  to  SJE.,  or  from  the  Scandinavian 
mountains  over  the  seas  and  low  lands  to  the  south-Ast.  That  its 
accumulation  throughout  this  area  took  place  in  part  during  the 
Post-pliocene  period  is  proved  by  its  superposition  at  several  points 
to  strata  containing  recent  shells.  Thns,  for  example,  in  European 
Russia,  Sir  R.  Murchison  and  his  associates  found  in  I84(^  that  the 
flat  country  between  SL  Petersburg  and  Archangel,  for  a  distance 
of  600  miles,  consisted  of  horizontal  strata,  full  of  shells  similar  to 
those  now  inhabiting  the  Arctic  Sea,  and  on  Uiese  rested  the  boulder 
fiirmation,  containing  large  erratics. 

In  Sweden,  in  the  immediate  neighbourhood  of  Upaala,  I  bad  ob- 
■erred,  in  1834,  a  ridge  of  stratified  sand  and  gravel,  in  the  midst 
of  which  occurs  a  layer  of  marl,  evidently  formed  originally  at  the 
bottom  of  the  Baltic,  by  the  slow  growth  of  the  musael,  codtle,  and 
other  marine  shells  of  living  species,  intermixed  with  some  proper  to 
fresh  water.  The  marine  shells  are  all  of  dwarfish  sise,  like  those 
now  inhabiting  the  brackish  waters  of  the  Baltic ;  and  Uie  marl,  in 
which  myriads  of  them  are  embedded,  is  now  raised  more  than  100 
feet  above  the  level  of  the  Gulf  of  Bothnia.  Upon  the  top  of  this 
ridge  repose  several  huge  erratics,  consisting  of  gneiss  for  the  most 
part  unrounded,  from  9  to  16  feet  in  diameter,  and  which  roust  have 
been  brought  into  their  present  position  since  the  time  when  the 
neighbouring  gulf  was  already  characterised  by  its  peculiar  fauna.* 
Here,  therefore,  we  have  proof  that  the  transport  of  erratics  con- 
tinned  to  take  place,  not  merely  when  the  sea  waa  inhabited  by  the 
existing  testacea,  but  when  the  north  of  Europe  had  already  assumed 
that  remarkable  feature  of  its  physical  geography,  which  separates 
ibe  Baltic  fh>m  the  Korth  Sea,  and  causes  the  Gulf  of  Bothnia  to 
have  only  one-fonrth  of  the  saltneas  belonging  to  the  ocean.  In 
Denmark,  also,  recent  shells  have  been  found  in  stratified  beds, 
closely  associated  with  the  boulder  clay. 

It  was  stated  that  in  Russia  the  erratics  diminished  generally  in 
size  in  proportion  as  th^  are  traced  farther  from  their  sonrce.    The 
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ume  obserTation  holds  true  in  regard  to  the  average  bnllc  of  tlie 
ScudiQaTian  boulders,  when  we  parsne  them  southwards,  Jrom  the 
NQlh  of  Norway  and  Sweden  through  Denmark  and  Westphalia. 
Thii  phenomenon  is  in  perfect  harmony  with  the  theory  of  ice- islands 
Boating  in  a  sea  of  yariable  depth;  for  the  heavier  erratics  require 
icebergs  of  a  larger  size  to  buoy  them  up  ;  and,  even  when  there  ore 
DO  stones  frozen  in,  more  thau  seven -eighths,  and  often  nine-tenths, 
af  a  mass  of  drift-ice  is  under  water.  The  greater,  therefore,  the 
Tolnnie  of  the  iceberg,  the  sooner  would  it  impinge  on  some  shallower 
pvt  of  the  sea  t  while  the  smaller  and  lighter  floes,  laden  with  finer 
mail  and  gravel,  may  pass  freely  over  the  same  banks,  and  be  ear- 
ned to  much  greater  distances.  In  those  places,  also,  where  in  the 
toane  of  ceoturies  blocks  have  been  carried  southwards  by  coast- 
it^  havitig  beea  often  stranded  and  again  set  afloat  in  the  direction 
of  a  prevailing  current,  the  blocks  will  diminish  in  size  the  farther 
they  travel  from  their  point  of  departure,  for  two  reaaona  :  first, 
bennse  they  will  be  repeatedly  exposed  to  wear  and  tear  by  the 
udon  of  the  waves ;  secondly,  because  the  largest  blocks  are  seldom 
without  divisional  planes  or  "joints,"  which  cause  them  to  split 
trhen  weathered.  Hence,  as  often  as  they  start  on  a  fresh  voyage, 
becoming  buoyant  by  coast'ice  which  has  iroaen  on  to  them,  one 
portion  of  the  mass  is  detached  from  the  rest.  An  examination 
which  I  made  in  1852  of  several  trains  of  huge  erratics  in  lat.  42° 
W  N.  in  the  United  States,  in  Berkshire,  on  the  western  confines 
of  Uisiachn setts,  has  convinced  me  that  this  cause  has  been  very 
infloential  both  in  reducing  the  size  of  erratics,  and  in  i-estoring 
■ngolarity  to  blocks  which  might  otherwise  be  rounded  in  proportion 
to  their  distance  from  their  original  starting-point. 

Glaeiation  of  SeoUand. — Professor  Agasaiz,  after  visiting  Scot- 
Und  in  1840,  came  to  the  opinion  that  the  Grampians  had  been 
coveted  by  a  vast  thickness  of  ice,  and  had  once,  like  the  Alps,  been 
■n  iadependeat  centre,  whence  erratic  blocks  were  dispersed  in  all 
diteciione.  Mr.  Robert  Chambers,  in  1848,  maintained  in  like  man- 
Hr  that  Scotland  bad  once  been  "moulded  in  ice,"  which  had 
neiTwhere  smoothed  and  scratched  the  roeks,  and  ground  them 
don  so  as  to  enlarge  and  widen  many  valleys.  Mr.  T.  F.  Jamieson, 
i(dk)wiiig  up  the  same  line  of  investigation  in  18S8,  adduced  a  great 
body  of  additional  facts  to  prove  that  the  Orampians  oace  sent  down 
glaciera  from  the  central  regions  in  all  directions  towards  the  sea. 
"The  glacial  grooves,"  he  observed,  "radiate  outwards  from  the 
ceotral  heights  towards  all  points  of  the  compass,  although  they  do 
Dot  always  strictly  conform  to  the  actual  shape  and  contour  of  the 
ninor  valleys  and  ridges." 

In  many  parts  of  Scotland,  and  conspicuously  in  the  basin  of  the 
Forth,  there  is  a  form  of  hill  to  which  Sir  James  Hall  gave  the 
ume  of  "  Grag-and-tail."  Isolated  ice-worn  hills,  or  knoUs,  present 
polished  faces  to  the  west  and  north-west  in  the  district  alluded  to, 
with  rough  declivities  to  the  east  and  south-east,  or  where  the  tul 
occnri.    It  is  a  common  error,  says  Mr.  Geikiey  to  suppose  that  this 
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"  t«l "  cosaists  merely  of  detritus,  heaped  up  on  the  lee-aide  of  each 
hill,  for  often  it  ia  compoaed  in  great  part,  like  the  west  aide  or 
"  crag,"  of  Bolid  rock,  but  usually  with  a  considerable  cMivering  of 
boulder  clay.* 

According  to  Mr.  T.  F.  Jamieson,  on  extending  our  survey  of 
Scotland  we  find  many  examples  of  aucb  "  crag,"  or  natural  escarp- 
ments, facing  the  inland  country,  or  that  from  which  we  may 
suppose  a  mass  of  continental  ice  to  have  descended,  whereu  the 
"  tail "  or  mound  of  sand,  and  boulders,  occupies  the  seaward  aide. 
It  has  also  been  remarked  in  Scandinavia  that  abrupt  protuberances 
and  outstanding  ridges  of  rock  are  often  polished  and  furrowed  on 
the  side  facing  the  region  from  which  the  erratics  have  come  (usually 
on  the  north  side  in  Norway)  j  while  on  the  other,  or  "lee-aide," 
such  superficial  markings  are  wanting.  There  is  usually  a  collection 
on  this  lee-aide  of  boulders  and  gravel,  or  of  large  angular  fragments. 
In  explanation,  we  may  imagine  that  the  north  side  waa  exposed, 
when  still  submerged,  to  the  action  of  icebergs,  and  afterwards, 
when  the  land  was  rising,  of  coast-ice,  which  ran  aground  upon 
shoals,  so  that  there  would  be  great  wear  and  tear  on  that  exposed 
side^  whereas  ou  the  opposite  or  south  slope,  gravel  and  boulders 
might  accumulate  in  a  aheltered  poeition. 

The  facts  above  alluded  to,  and  other  characteristics  of  the  Scotch 
drift,  led  Mr.  Jamieaon  to  infer,  flrat,  that  in  the  early  part  of  the 
glacial  period  Scotland  stood  much  higher  than  at  present,  so  that 
there  was  a  general  covering  of  suow  and  ice,  which,  as  it  slid  down 
to  lower  levels,  polished  the  subjacent  rooks,  and  swept  offfrom  the 
surface  most  of  the  pre-existing  alluvium,  leaving  in  its  place  till 
and  boulders  in  various  parte.  Secondly,  that  to  this  succeeded  & 
period  of  depression  and  partial  submergence,  when  the  sea  advanced 
and  gradually  covered  the  greater  part  of  the  country,  when  fioating 
ice  abounded,  and  when  some  marine  drift  with  arctic  shells  was 
deposited.  Thirdly,  that  the  land  re-emerged  {turn  the  water,  and, 
reaching  a  level  somewhat  above  its  present  heights,  became  con- 
nected with  the  Continent  of  Europe,  glaciers  being  formed  once 
more  in  the  higlier  regions,  though  the  ice  probably  never  re- 
gained its  former  extension.^  After  all  these  changes,  there  were 
some  minor  oscillations  in  the  level  of  the  land,  on  which,  although 
they  have  had  important  get^raphical  consequences,  aeparating 
Ireland  from  England,  for  example,  and  England  from  the  continent, 
we  need  not  here  enlarge. 

Mr.  Geikie  haa  arrived  at  the  aame  general  conclusions  as  Mr. 
Jamieson,  with  respect  to  the  principal  movementa  of  the  land  in 
Scotland.  The  great  masa  of  till,  of  which  in  some  of  the  lover 
valleys  the  thickness  exceeds  150  feet,  he  attributes  not  to  icebei^s, 
but  to  ice  action  on  land,  for  it  consists  of  the  debris  of  rocks,  every- 
where found  in  titu  in  the  same  hydrographical  basin.   The  absence 
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of  muine  Bbells  ie  at  once  accounted  for  if  we  assume  it  to  be  of 
glacier  origin.  The  rarity  of  angular  stones,  those  in  the  till  being 
usually  rounded  or  sab-angutar,  and  the  number  of  fragments 
polistiad  and  striated  on  one  or  several  sides,  may  also  be  explained 
by  supposing  the  till  to  bare  been  shoved  along  under  a  heavy  mass  of 
ice,  like  that  of  Greenland,  instead  of  forming  parts  of  superficial  mo- 
raiaea,  carried  down  without  trituration  on  the  top  of  Uie  ice.  If, 
in  accordance  with  the  views  above  set  forth,  we  admit  a  second 
glacial  period,  when  the  land  was  re-elevated  after  the  great  sub- 
Qergaice,  the  action  of  ice  at  this  later  date  may  well  be  supposed 
Id  have  obliterated  almost  all  signs  of  the  sojourn  of  the  sea  upon 
iLe  land  in  the  highest  regions,  where  the  cold  was  most  intense  ;  but 
in  tbe  lower  country,  some  patches  of  marine  strata  with  arctic 
shells  might  more  easily  escape  destruction. 

The  greatest  height  to  which  marine  shelb  have  yet  been  traced  in 
Scotch  drift  is  only  524  feet  above  the  level  of  the  sea,  at  which  eleva- 
tion they  have  been  observed  at  Airdrie,  fourteen  miles  south-east  of 
Glasgow.  At  that  spot  they  were  found  embedded  in  stratified  clays 
with  till  above  and  below  them.  There  appears  no  douht  that  the 
Drerlying  deposit  was  true  glacial  till,  as  some  boulders  of  granite 
were  observed  in  it,  which  must  have  come  from  distances  of  sixty 
miles  at  the  least* 
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NKthon  ihalli  commoii  Id  Ibi  diin  gf  lbs  Cljdc,  Id  ScoUmd. 

The  shells  here  figured  are  only  a  few  out  of  a  large  assemblage 
of  hving  species,  which,  taken  as  a  whole,  bear  testimony  to  condi- 
tions far  more  arctic  tlian  those  now  prevailing  in  the  Scottish  seas. 
Bat  a  group  of  marine  shells,  indicating  a  still  greater  excess  of  cold, 
bu  been  brought  to  light  since  1860  by  the  Bev.  Thomas  Brown, 
from  glacial  drift  or  clay  on  the  borders  of  the  estuaries  of  the  Forth 
Ud  Tay.  This  clay  occurs  at  Elie  in  Fife,  and  at  Errol  in  Perth- 
shire ;  and  has  already  afibrded  about  35  shells,  all  of  living  species, 
uid  now  inhabitants  of  arctic  regions,  such  as  Leda  truncata,  Tel- 
Una  proxiata  (see  figures,  page  154.),  Pecten  Greenlandicut,  CreneUa 
latigata.  Gray,  CreneUa  nigra,  Gray,  and  others,  some  of  them  first 

■  Bmlih,  of  Jordan  HiU,  QeoL  Quart.  Joorii.,  vol.  vi.  p.  3ST.   IBSO. 
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bi-ought  bj  Captain  Sir  E.  Fury  fiom  the  coast  of  Melrille  IsUcd, 
latitude  76°  N.  These  were  all  identified  in  1863  by  Dr.  Torell, 
who  had  just  returned  from  a  survey  of  the  seas  around  Spitz- 
bergen,  where  be  had  collected  no  less  than  150  species  of  molluscs, 


living  chiefly  on  a  bottom  of  fine  mud  derived  from  the  moraines  of 
melting  glaciers  which  there  protrude  into  the  sea.  He  informed 
me  that  tlie  fossil  fauna  of  this  Scotch  glacial  deposit  exhibits  not 
only  the  species  but  also  the  peculiar  varieties  of  moUasca  now  cha- 
racteristic of  very  high  latitudes.  Their  large  size  implies  that  they 
formerly  enjoyed  a  colder,  or,  what  was  to  them  a  more  genial 
climate,  than  that  now  prevailing  in  the  latitude  where  they  occur. 
Marine  sbclla  have  also  been  found  in  the  glacial  drift  of  Caithness 
and  Aberdeen  all  ire  at  heights  of  250  feet,  and  in  Banff  of  350  feet, 
and  stratified  drift  continuous  with  the  above  ascends  U>  heights  of 
500  feet.  There  are,  likewise,  other  deposits  in  Scotland  very 
similar  in  cliaracter  but  devoid  of  shells  more  than  1000  feet  high, 
resting  on  rocks  grooved  and  polished  by  ice-action.  The  want  of 
marine  shells  in  these  last  has  naturally  inclined  some  geologists  to 
suspect  that  they  may  have  been  deposited  in  glacier  lakes,  and  this 
opinion  may  be  correct,  although  on  this  subject  there  is  no  small 
danger  of  drawing  false  conclusions  from  negative  evidence,  so  par- 
tially do  organic  remuns  occur  in  glacial  formations  even  in  ttkose 
of  indubitably  marine  origin.  When  the  gravel  and  sand  are  of  a 
porous  nature,  we  can  easily  account  for  the  decomposition  of  tbe 
shells  and  their  total  disappearance  in  the  course  of  thousands  of 
years,  but  a  large  part  of  the  Scotch  till  is  so  impervious  to  water 
that  tlie  absence  of  fossil  testacea  leads  us  rather  to  suspect  that  it 
was  originally  the  moraine  of  a  terrestrial  glacier,  and,  therefore, 
from  the  first  devoid  of  shells. 

I  formerly  suggested  that  the  absence  of  all  signs  of  organic  life 
in  a  great  portion  of  this  drift  might  be  connected  with  the  severity 
of  tbe  cold,  and  also  in  some  places  with  the  depth  of  the  sea  during 
the  period  of  extreme  submergence  ;  but  my  faith  in  such  an  hypo- 
thesis has  been  shaken  by  modern  investigations,  an  exuberance  of 
life  having  been  observed  both  in  arctic  and  antarctic  seas  of  great 
depth,  and  where  floating  ice  abounds.  Thus,  Dr.  Hooker  enume- 
rates Crustacea,  mollusca,  eerpulse,  and  other  invertebrata,  at  depths  of 
200  and  400  fathoms  off  Victoria  Land,  between  latitudes  71°  and 
78°  S.,  and  animal  life  was  traced  even  to  a  depth  of  550  fathoms  ; 
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whilst  MM.  Torell  and  Cbydeoios  in  1861  obtained  mollusca,  be- 
iween  gpitibergea  and  Norway,  at  the  enormoas  deptlis  of  1000  and 
\S00  fathoms,  Uie  temperature  of  the  mud  being  bet^reea  32°  and 
33°  Fahrenheit. 

We  have  seen  that  the  Bcoring  and  polishing  of  the  rocks  in 
Scotland,  as  in  Sweden  and  elaewherey  is  not  confined  to  the  land, 
but  is  seen  to  pasa  under  the  sea,  the  same  furrows  being  so  continu- 
ous as  to  imply  that  glaciers  or  continental  ice  once  acted  on  a  sur- 
face now  submerged.  Mr.  Geikie  observes  that,  on  the  west  coast 
of  Scotland,  iheae  glacial  markings  are  almost  always  fresher  at  and 
beloir  the  present  aeft-level  than  at  higher  levels.  In  some  places, 
cren  where  the  ice-moulded  rocks  are  washed  by  the  waves  of  the 
K*,  they  retain  their  finer  striie,  and  bosses  of  rock  their  rounded 
ud  smoothed  surfaces.  Yet,  at  ao  elevation  of  20  feet  and  upwards, 
lbs  rounded  outlines  are  broken,  and  all  the  exposed  surfaces  disin- 
tegrated by  the  wal«r.  In  explanation  of  these  peculiar  appearances, 
he  rapposes,  first,  the  sinking  of  laud  which  had  been  polished  and 
itrisled  by  continental  ice  in  the  manner  before  alluded  to,  page  144. ; 
Bccondly,  a  very  recent  date  for  the  upheaval  of  the  lowest  25  feet 
of  the  coasts  a  suggestion  confirmed  by  the  occurrence  of  a  raised 
beach  m  which  the  recent  shells  agree  with  those  of  the  adjoining 
Ka,  and  indicate  a  lees  glacial  climat«  than  those  of  an  older  beach 
fonnd  at  a  higher  level,  or  about  40  feet  above  high-water  mark. 
Hie  upper  of  the  two  beaches  has  suffered  more  from  atmospheric 
ution  Uian  the  lower,  and  has  evidentiy  been  exposed  for  a  much 
bnger  time. 

Besides  the  proofs  afibrded  by  shells  at  the  height  of  about  500 
feet,  there  are  also  on  the  mountains  of  many  parts  of  Scotland,  as, 
for  example,  on  the  Grampians,  and  on  the  Sidlaw  and  Pentland 
Hilli,  erratic  blocks,  at  heights  from  1000  to  2000  feet  and  upwards, 
K>  wholly  unconnected  with  the  mineral  structure  of  the  region  where 
they  lie,  that  they  seem  to  point  to  a  former  period  of  submergence 
ud  floating  ice.  There  is  also  another  curious  phenomenon  bearing 
OD  this  BBliiject  which  the  late  Hugh  Miller  styled  the  striated 
"pavemente  "  of  the  boulder  clay.  Where  portions  of  the  till  have 
been  removed  by  the  sea  on  the  shores  of  the  Forth,  or  in  the  in- 
terior by  railway  cuttings,  the  boulders  embedded  in  what  remains  of 
the  drift  are  seen  to  have  been  all  subjected  to  a  process  of  abrasion 
ud  striatiou,  the  strise  and  furrows  being  parallel  and  persistant 
Kfois  them  aU,  exactly  as  if  a  glackr  or  iceberg  had  passed  over 
ibem  and  scored  them  in  a  manner  similar  to  that  which  the  solid 
nicks  below  the  glacial  drift  have  so  often  undergone.  It  is  possible, 
u  Ur.  Geikie  conjectures,  that  this  second  striation  of  the  boulders 
my  be  referable  to  the  second  era  of  drift  or  floating  ice.* 

ConlorUd  Strata  tn  Drifi. — In  Scotluid  the  till  is  often  covered 
*ith  stratified  gravel,  sand,  and  clay,  the  beds  of  which  are  some- 
tines  horiaontal  and  sometimes  contorted  for  a  thickness  of  several 

■  Geikle,  ibid.  p.  6B. 
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feet  Such  coDtortiona  are  not  uncommon  in  Forfarahire,  where  I 
observed  them,  among  other  places,  ia  a  Tertical  cutting  made  in 
1840  near  the  left  bank  of  the  South  Eek,  east  of  the  Bridge  of 
Cortachie.  The  convolutions  of  the  beds  of  fine  and  coarse  sand, 
gravel,  and  loam,  extend  through  a  thickness  of  no  less  than  25  feet 
perpendicular,  or  from  b  to  c,  fig.  137.,  the  horizontal  stratification 
being  resumed  very  abruptly  at  a  short  distauce,  as  beyond  Jl  g. 
The  overlying  coarse  gravel  and  sand  a,  is  in  some  places  horizontal, 
in  others  it  exhibits  cross  bedding,  and  doea  not  partake  of  the  dia- 
turbances  which  the  strata  b,  e,  have  undergone.  The  underlying 
till  is  exposed  for  a  depth  of  about  20  feet;  and  we  may  infer  from 
sections  in  the  neighbourhood  that  it  is  considerably  thicker,  and 
that  it  rests  on  the  edges  of  highly  inclined  strata  of  old  red  aand- 
Gtone,  as  represented  in  the  section. 


Old  Red        , 

'-7-7' 

//- 

-// 

/ 

/ 

■Sinn  of  ooDUiMd  drift  oiarirlnf  UU,  leoD  on  KTt  huk  of  South  Bik,  nur  Cortuhle,  In  IMS 
Uelfbi  ofKcUoD  MH>.  fran  n  id  d,  ibout  U  Tstt. 

HCUoB.  in  (HO  horisoDUl  bedi  or  itiUlflnd  drift,  wmt  o(  Unaa  with  covh  gtinl 

In  some  cases  I  have  seen  fragments  of  stratified  clays  and  sands, 
bent  in  like  manner,  iu  the  middle  of  a  great  mass  of  tiU.  Mr. 
Trimmer  has  su^ested,  in  explanation  of  such  phenomena,  the  in- 
tercalation in  the  glacial  period  of  Urge  iiTegular  masses  of  snow  or 
ice  between  layers  of  sand  and  gravel.  Some  of  the  ctifi^  near 
Behring'a  Straits,  in  which  the  remains  of  elephants  occur,  consist 
of  ice  mixed  with  mud  and  stones;  and  Middendorf  describes  the 
occurrence  iu  Siberia  of  masses  of  ice,  found  at  various  depths  from 
the  surface  after  digging  through  drift.  We  ore  as  yet  unacquainted 
with  the  mode  of  operation  by  which  such  intermixtures  of  earthy 
matter  and  ice  are  ctmimonly  produced,  but  we  may  easily  conceive 
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Ibeir  ocearrence  in  Siberia,  wbere  the  rivers  flow  from  south  to  north, 
Nthat  the  thaw  begins  in  the  country  where  they  tftke  their  rise, 
whDe  in  the  lower  regions  which  they  overflow  their  channels  are 
■till  choked  up  with  ice  and  snow.  In  the  arctic  and  antarctic 
regions  also,  the  frozen  surface  of  the  sea  at  the  base  of  lofty  cliffs 
ia  sometimes  seen  to  be  the  receptacle  Srst  of  mud  and  sand,  washed 
down  from  the  land  when  there  is  a  thaw,  and  then,  when  the  cold 
retnms,  of  dense  masses  of  snow  drifted  by  the  wind  over  the  edge 
of  the  cliff.  Ice-rafts,  supporting  sach  alternatioDs  of  snow  and  of 
earthy  and  stony  matter,  have  been  seen  floating  from  place  to  place 
in  polar  latitudes.  Whenever  the  intercalation  of  snow  and  ice 
wi^  drift,  whether  strRti6ed  or  anstratified,  has  taken  place,  the 
melting  of  the  ice  will'cause  such  a  failure  of  support  as  may  give 
rise  to  fiexures,  and  sometimes  to  the  most  complicated  foldings. 

Bat  in  many  cases  the  strata  may  have  been  beut  and  deranged 
by  the  mechanical  pressure  of  an  advancing  glacier,  or  by  the  side- 
way  thrust  of  huge  islands  of  ice  running  aground  against  sand- 
bulu;  in  which  case,  the  position  of  the  beds  forming  the  founda- 
lioii  of  the  banks  may  not  be  at  all  disturbed  by  the  shock.  Mr. 
G«ikie  has  described  examples,  in  the  basin  of  the  Clyde,  of  ex- 
tremely contorted  beds  of  sand  and  clay,  which  he  attributes  to 
powerful  pressure  experienced  under  a  glacier  or  mass  of  continental 
ice. 

It  should  also  be  borne  in  mind  that  lateral  pressnre  may  be  ex- 
erted simply  by  the  weight  of  a  heavy  mass  of  materials  thrown 
down  on  some  adjoining  area,  to  which  pliant  beds  of  clay  and  sand 
may  extend.  When  a  railway  embankment  is  thrown  across  a  marsh 
or  Rcroes  the  bed  of  a  drained  lake,  we  frequently  find  that  the  foun- 
dation, consisting  of  peat  and  shell-mart,  or  of  quicksand  and  mud, 
gives  way,  and  sinks  as  fast  as  the  embankment  is  raised  at  the  top. 
At  the  same  time,  there  ia  often  seen  at  the  distance  of  many  yards,  in 
KMiK  ueigbbouring  part  of  the  morass,  a  aqueeiing  up  of  pliant 
ttnta,  the  amount  of  upheaval  depending  on  the  volume  and  weight 
of  materials  heaped  upon  the  embankment.  In.  1862  I  saw  a  re- 
msrkable  instance  of  snch  a  downward  and  lateral  pressure,  in  the 
lohiirbe  of  Boston  {V.  S.),  near  the  South  Cove.  With  a  view  of 
eonverting  part  of  an  estuary  overflowed  at  high  tide  into  dry  land, 
they  had  thrown  into  it  a  vast  load  of  stones  and  sand,  upwards  of 
900,000  cubic  yards  in  volume.  Under  this  weight  the  mod  had 
sank  down  mauyyards  vertically.  Meanwhile  the  adjotniug  bottom 
of  the  eetnary,  supporting  a  dense  growth  of  salt-water  plants,  only 
risible  at  low  tide,  bad  been  pushed  gradually  upward,  in  the  course 
of  many  montht^  so  as  to  project  five  or  six  feet  above  high-water 
mark.  The  upraised  mass  was  bent  into  Ave  or  six  anticlinal  folds, 
ud  below  the  upper  layer  of  turf,  consisting  of  salt-marsh  plants, 
mnd  was  seen  above  the  level  of  high  tide,  fuU  of  sea-shells,  such  as 
Jfya  arenaria,  Modiola  plicatula,  Sanguinolaria  fvica,  Naua  obto- 
lela,  Natiea  triseriata,  and  others.  In  some  of  these  curved  beds 
the  layers  of  shells  were  quite  vertical.    The  upraised  area  was  7o 
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feet  wide,  and  several  handred  yards  loo^.  Were  an  equ^  load, 
melted  out  of  icebergs  or  coast-ice,  throwa  down  on  the  floor  of  a 
eea,  consisting  of  soft  nind  and  sand,  similar  disturbances  and  contor- 
tions might  result  in  some  adjacent  pliant  strata,  yet  the  underlying 
more  solid  rocks  might  remain  undisturbed,  and  newer  formations, 
perfectly  horizontal,  might  be  afterwards  superimposed. 

Glaciatian  of  Walet,  England,  and  Ireland. — The  moantains  of 
North  Wales  were  recognised,  in  1842,  by  Dr.  Buckland,  as  having 
been  an  independent  centre  of  the  dispersion  of  erratics  ~  great 
glaciers,  long  since  extinct,  having  radiated  from  the  Snowdoniao 
heights  in  Camarvonshire,  through  seven  principal  valleys  towards 
oa  many  points  of  the  compass,  carrying  with  ^em  large  stony  frag- 
ments,  and  grooving  the  subjacent  rocks  in  as  many  directions. 

Besides  this  evidence  of  land  glaciera,  Mr.  Trimmer  had  previously, 
in  1831,  detected  the  signs  of  a  great  submergence  in  Wales  in  the 
Fost-pliocene  period.  Ho  had  observed  stratified  drift,  from  which 
he  obtained  about  a  dozen  species  of  marine  shells,  near  the  summit 
of  Moel  Tryfaen,  a  hill  1400  feet  high,  on  the  south  side  of  the 
Menai  Straits.  Although  hia  observations  were  afterwards  con- 
firmed by  the  late  E.  Forbes,  and  still  later  by  Mr.  Prestwich 
and  Frofessor  Ramsay,  doubts  as  to  the  nature  and  age  of  the 
deposit  still  lingered  in  many  minds.  But  on  these  subjects  all 
doubt  has  at  length  been  removed  by  aid  of  a  long  and  deep  cutting 
made  through  the  drift  in  1863  by  the  Alexandra  Mining  Company 
in  search  of  slates.  In  this  cutting  a  stratified  mass  of  incoherent 
sand  and  gravel,  35  feet  thick,  was  laid  open  near  the  summit  of 
Moel  Tryfaen,  containing  shells,  some  entire,  but  most  of  them  in 
fragments.  In  the  summer  of  1863  I  examined  the  newly-opened 
section  in  company  with  the  Rev.  W.  S.  Symonds,  and  we  obtained 
20  species  of  shells  on  the  spot,  and  found  in  the  lowest  beds  of  the 
drift  large  heavy  boulders  of  far -transported  rocks,  glacially  polished 
and  scratched  on  more  than  one  side.  TTudemeath  the  whole  we 
saw  the  edges  of  vertical  slates  exposed  to  view,  which  here,  like 
the  rocks  in  other  parls  of  Wales,  some  at  greater  and  some  at 
less  elevations,  exhibit,  beneath  the  drift,  unequivocal  marks  of 
prolonged  glaciation.  Mr.  R.  D.  Darbishire,  after  a  diligent  search 
in  1863,  formed  a  collection  from  this  same  drift  of  Moel  Tryfaen 
of  no  less  than  54  species  of  mollusca,  besides  three  characteristic 
arctic  varieties — in  all  57  forms.  They  belong  without  exception 
to  species  still  living  in  British  or  more  northern  seas;  eleven  of 
them  being  exclusively  arctic,  four  common  to  the  arctic  and  British 
seas,  and  a  large  proportion  of  the  remainder  having  a  northward 
range,  or,  if  found  at  all  in  the  southern  seas  of  Britain,  being  com- 
paratively less  abundant. 

The  whole  deposit  has  much  tlie  appearance  of  an  accumnlatioD 
in  shi^low  water  or  on  a  beach,  and  it  probably  acquired  its  thick- 
ness duriog  the  gradual  subsidence  of  the  coast — an  hypothesis  which 
would  require  ns  to  ascribe  to  it  a  high  antiquity,  since  we  mast 
allow  time,  first  for  its  sinking,  and  then  for  its  re-elevation.  As  the 
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lifers  of  Bbell-bearing  sand  and  gravel  are  so  porous,  we  maj  natu- 
nSj  feel  surprise  that  they  have  escaped  decomposition.  To  account 
Tar  tbie,  Hr.  Darbiahire  suggests  that  a  bed  of  overljing  clay,  nearly 
two  feet  thick,  may,  by  its  impermeable  Datnre,  have  prevented  the 
foMilB  from  being  dissolved  by  the  percolation  of  raln-ivat«r. 

The  elevation  reached  by  these  fossil  shells  on  Moel  Tryfaen  ia  no 
ieaatbao  1360  feet — a  most  important  fact  when  we  cocsider  that  we 
bsve  scarcely  a  well-authenticated  cose  as  yet  on  record  beyond  the 
limits  of  Wales,  whether  in  Europe  or  North  America,  of  marine 
£li«11«  having  been  found  in  glacial  drift  at  half  the  height  above 
indicated. 

Mr.  Darwin,  after  studying  the  Welsh  glacial  drift  previously 
diown  by  Mr.  Trimmer  to  have  been  of  submarine  origin,  came  to 
the  opinion  that  the  land,  when  it  was  re-upheaved  to  its  present 
height,  was  covered  a  second  time,  at  least  in  the  higher  valleys,  by 
^teien  which  swept  the  surface  clean  of  all  the  rubbish  left  by  the 

IVofessoT  Ramsay,  also,  in  a  "  Memoir  on  the  Welsh  Glaciers,"  in 
ISjlj,  annonnced  his  conviction  that  there  had  been,  first,  an  in- 
tensely cold  period  when  the  land  was  more  elevated  than  now,  then 
1  submergence  beneath  the  sea,  and  lastly,  are-elevation  attended  by 
■  second  period  of  glamers.  Although  he  had  not  been  able  to  trace 
msrine  sheila  in  the  drift  to  a  level  exceeding  1300  feet  above  the  sea, 
be  estimated  the  probable  amoant  of  submergence  during  some  part 
of  the  glacial  period  at  about  2300  feet ;  for  he  was  unable  to  dis- 
tinguish the  superficial  sands  and  gravel  which  reached  that  high 
elevation  ftvm  the  drift  which,  at  Moel  Tryfaen  and  at  lower  points, 
contains  shells  of  living  species. 

The  evidence  of  the  marine  origin  of  the  highest  drift  is  no  doubt 
inconclusive  in  the  absence  of  shells,  so  great  is  the  resemblance  of 
tlie  gr«vel  and  sand  of  a  sea  beach  and  of  a  river's  bed,  when  organic 
remains  are  wanting ;  but,  on  the  other  hand,  when  we  consider  the 
general  rarity  of  shells  in  drift  which  we  know  to  be  of  marine 
origin,  we  cannot  suppose  that,  in  the  shelly  sands  of  Moel  Tryfaen, 
»e  have  hit  upon  the  exact  uppermost  limit  of  marine  deposition, 
or,  in  other  words,  a  precise  measure  of  the  submergence  of  the  land 
beneath  the  sea  during  the  glacial  period. 

We  are  gradually  obtaining  prooft  of  the  larger  pert  of  England 
north  of  a  line  drawn  from  the  mouth  of  the  Thames  to  the  Bristol 
Cbaonel,  having  been  under  the  sea  and  traversed  1^  floating  ice 
aioce  the  commencement  of  the  glacial  epoch.  Among  recent  ob- 
■ervMions  illustrative  of  this  point,  I  may  allude  to  the  discovery, 
by  Mr.  J.  F.  Bateman,  near  Blackpool,  fifty  miles  from  the  sea,  and 
M  the  height  of  56S  feet  above  its  level,  of  till  containing  rounded 
ud  angular  stones  and  marine  shells,  such  as  Turritella  eommunit, 
I^rpttra  lapillut,  Cardium  eduU,  and  others,  among  which  Tro- 
j>AoM    eialAraium  {=Funu  Bamffitu),  though  still   surviving   in 


*  FhilosopbicBl  Magizine,  ter.  a,  voL  xxi.  p.  180. 
t  Qnart.  tieoi.  Joum.,  18SB,  vol.  viii.  p.  372. 
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North  British  se&a,  indicates  a  cold  climate.  Drift  of  eimilar  cha- 
racter covers  a  large  part  of  Ireland,  although  marioe  shells  have 
not  been  detected  in  it  at  greater  height  than  600  feet,  and  very 
rarel;  higher  than  500  ;  but  there  can  be  no  doabt  that  that  island, 
like  the  greater  part  of  England  and  Scotland,  was  for  ages  an 
archipelago  traversed  by  floating  ice.  There  was  first  a  period 
when  Ireland  formed  part  of  the  continent  of  Europe,  from  whence  it 
received  the  plants  and  animals  now  inhabiting  it.  In  some  part  of 
this  period  its  rocks  were  largely  smoothed  and  striated  by  tee-action 
in  the  more  mountainous  regions.  After  this  there  waa  great  sub- 
sidence, and  the  conversion  of  the  island  into  an  archipel^o,  foU 
lowed  by  a  re-elevation  of  land  and  a  second  continental  period, 
and,  after  all  these  changes,  a  final  separation  from  England  and 
Wales.* 

Nitrfolk  Drift, — In  England  the  monuments  of  the  period  of  sub- 
mergence can  nowhere  be  so  advantageously  studied  as  Id  the  cliffs 
of  the  Norfolk  coast  between  Happisburgh  and  Cromer.  Vertical 
sections,  varying  in  height  from  30  to  300  feet,  are  there  exposed  to 
view  for  a  distance  of  about  fifty  miles,  where  the  series  of  formations, 
beginning  with  the  lowest,  is  as  follows  : — First,  chalk,  with  flints 
in  nearly  horizontal  strata;  secondly,  Norwich  Crag,  or  a  marine 
tertiary  formation  of  the  Newer  Pliocene  era,  which  extends  from 
Weyboume  seven  miles  to  Cromer,  and  then  thins  out ;  thirdly,  tbe 
forest  bed,  chiefly  composed  of  vegetable  matter,  with  scattered 
cones  of  the  Scotch  and  spruce  firs,  and  many  other  recent  plants,  and 
with  bones  of  the  elephant  and  of  other  extinct  and  living  species 
of  mammalia.  In  this  forest  bed  the  stnmps  of  many  trees  stand 
erect  with  their  roots  in  an  ancient  soil.  Fourthly,  a  fluvio-marine 
series,  with  abundant  lignite  beds,  and  with  alternations  of  fresh- 
water and  marine  strata  of  sand  and  clay,  the  shells  being  all  of 
recent  species  ;  fifthly,  firmly  laminated  blue  clay  without  fossils,  on 
which  rests  the  boulder  clay  of  the  glacial  period,  from  20  to  80 
feet  thick,  with  far- transported  erratics,  some  of  them  polished  and 
scratched;  sixthly, contorted  drift;  seventhly,  superfici^  gravel  and 
sand. 

In  tbe  Norwich  Crag  above  mentioned,  which  will  he  described  in 
chap,  xiii.,  there  ia  a  small  mixture  (about  12  per  cent.)  of  extinct 
species  of  shells,  but  is  the  overlying  formations,  beginning  with  the 
forest  bed,  the  species  are  identical  with  those  now  living,  and  it  is 
remarkable  that,  while  the  plants  in  tbe  forest  bed  and  lignite  are 
such  as  now  exist  in  Europe,  and  are  nearly  all  of  them  indigenous 
in  Great  Britain,  the  mammalian  fauna  contains  many  conspicuous 
species  which  no  longer  survive  in  any  part  of  the  globe.  Among 
these  last,  as  appears  from  the  rich  collections  of  Messrs.  Gunn  and 
King,  are  no  less  than  three  species  of  elephant,  namely,  first,  the 
mammoth,  E.  primigenttu  ;  secondly,  the  elephant  first  observed  in 
the  Tal  d'Amo,  £,  meridionalu,  Nesti  ;  and,  thirdly,  E,  ant^ttus, 

*  See  Antiquitj  of  Man,  by  the  Aatbor,  chap.  zir. 
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in  ^miller  numbers  than  the  two  former.  These  are  accompanied 
h  Bhinoetrot  etrtueui  (a  epecies  first  obtftined  frorn  beds  of  the 
Fune  age  near  Florence),  Hippopotamus  major,  the  common  pig,  a 
^iea  of  horse  and  of  bear,  the  common  wolf,  a  bison,  the  Urge 
Irieh  deer,  the  reindeer,  and  other  deer,  the  common  bearer,  besides 
s  ]*rger  extinct  species,  also  the  walrus,  narwhal,  and  some  others. 
Thej  unoant  in  aJl  to  about  20  species,  of  which  rather  more  than 
hlf  ve  extinct. 

It  will  be  seen  in  the  next  chapter  that  the  shells  of  some  of  the 
lUeet  deposits  of  Norwich  Crag  show  thst  great  cold  prevailed  in 
the  British  seas  before  the  close  of  the  Kewer  Pliocene  period  ; 
vben  we  speak,  therefore,  of  the  vegetation  and  quadrupeds  of  the 
Cromer  forest  being  pre-glacial,  we  merely  mean  tliat  they  preceded 
tbe  era  of  the  general  submergence  of  the  British  Isles  beneath  the 
»«lers  of  the  glacial  sea.  That  they  were  anterior  to  that  submer- 
prace  may  be  inferred  from  the  superposition  on  the  forest  and 
lifnite  beds  of  the  vast  load  of  boulder-clay  above  alluded  to,  which 
eoDtsins  far-transported  blocks,  some  of  Scandinavian  origin,  and 
probsbly  floated  from  the  north  when  Norway  and  Sweden  were 
f  mnch  covered  with  ice  as  the  modem  continent  of  Greenland. 
Other  portions  of  the  till  may  have  come  from  the  north-west,  as 
tliej  comprise  the  wreck  of  the  Cretaceous,  Oolitic  and  older  British 
formations. 

The  fluvTo-m urine  series  affords  distinct  evidence  of  several  alter- 
naliona  of  fluviatile,  marine,  and  terrestrial  conditions.  Besides  the 
forest  bed,  for  example.  Professor  Philips  has  observed  at  one  point 
■  growth  of  land-plants  in  an  erect  position,  at  a  higher  level,  and 
l!r.  King  has  found  intercalated  beds  in  which  bivalve  shells,  snch 
u  %o[  irvneata,  are  so  placed  erect  in  the  loam  with  their  sipbun- 
mlsr  ends  uppermost,  as  to  show,  as  nnmistakeably  as  does  the  erect 
pwition  of  the  trees  with  their  roots  still  fixed  in  their  original  soil, 
thit  tbey  lived  on  the  spot  where  they  are  now  entombed.  It  was 
ttated  that  upon  the  fiuvio-marine  formation  repose  laminated  clays 
viihoDt  fossils,  and  these  are  followed  by  great  masses  of  till  or 
niutntified  clay  from  20  to  80  feet  thick.  Among  the  included 
frigments  of  rock  are  some  of  granite,  the  largest  of  which  ore  from 
SloSfeet  in  diameter;  also  syenite,  of  Rcaodinavian  origin,  and 
the  wreck  of  the  Norwich  Cr^,  London  Clay,  chalk,  oolite,  and  lias, 
*itb  bonlders  of  more  ancient  fosailiferous  rocks. 

The  cliff- sect  ions  above  described  show  that  in  various  parts  of 
^'orfolk  and  Suffolk  several  of  the  extinct  as  well  as  the  living 
'pedes  of  mammalia  lived  after  the  accumulation  of  the  glacial  till 
ud  boulders,  as  well  as  before  it  The  El«ph<u  primigeniia  affords 
ID  example  of  one  of  these  extinct  species,  and  in  many  British  lo- 
llies the  ElepAai  antx^uua  and  Hippopotamut  major  occur  in  the 
iQnriam  of  valleys  of  later  date  than  the  marine  boulder  clay. 
'^"BK  of  the  valleys  in  question  have  been  excavated  through  the 
fUciU  drift  after  the  latter  had  been  upraised  from  the  bed  of 
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At  Mundeitley.in  the  Norfolk  clifie,  and  at  HoxDe,DOtonlj  has  such 
denudation  taken  place,  but  the  hollows  near  Diss,  in  SufTolk,  scooped 
out  of  the  drift  huve  been  again  filled  up  with  freshwater  strata,  in 
some  of  which  the  remains  of  the  elephant  have  been  discovered.' 

One  of  the  formations  of  the  Norfolk  cliffs,  above  mentioned  as 
overlying  the  till,  has  been  called  contorted  drift,  so  frequentlj  are  its 
beds  of  gravel,  sand,  and  clay,  bent  and  folded  back  upon  themselves, 
in  the  same  manner  as  parts  of  the  Scotch  drift,  represented  in  fig.  137., 
p.  1 36.  In  some  cases  these  contortions  extend  for  a  height  of  70  or  80 
feet,  and  they  are  coiled  round  isolated  masses  of  chalk,  such  aa  may 
have  fallen  in  landslips  from  a  perpendicular  cliff  on  the  surface  of 
a  frozen  sea,  or  of  an  ice-island  first  driven  by  the  winds  and  cur- 
rents against  a  steep  coast,  and  then  carried  away  again  by  a  change 
of  the  wind  until  it  grounded  in  a  sea  of  sufficient  depth  to  allow  of 
the  deposition  of  its  earthy  and  stony  burthen  on  the  spot  where  it 
melted  on  the  bottom  of  the  sea.  The  bent  and  disturbed  beds  often 
rest  on  strata  of  sand  and  clay,  which  are  perfectly  boriEOntaL  In 
those  places  where  the  contortions  are  on  the  greatest  scale,  as  at 
Sherringham  for  example,  the  chalk  with  flints  at  the  base  of  the 
clifis  retains  its  horizontality.  and  has  evidently  not  participated  in 
the  slightest  degree  in  the  violent  movements  to  which  the  stratified 
drift  and  the  huge  masses  of  chalk,  transported  bodily  from  their 
original  position,  bear  testimony.  The  probable  causes  of  such 
partial  deraugement  in  the  strata  so  peculiarly  characteristic  of  the 
glacial  period  have  already  been  spoken  of  (p.  157.).  The  succes:3tve 
deposits  seen  in  direct  superposition  on  the  Norfolk  coast  imply  at 
first  the  prevalence  over  a  wide  area  of  the  Newer  Pliocene  sea. 
Afterwards  the  bed  of  this  sea  was  converted  into  dry  land,  and 
underwent  several  oscillations  of  level,  so  as  to  be  first  land,  sup- 
porting a  forest,  then  an  estuary,  then  again  land,  and  finally  a  sea 
near  the  mouth  of  a  river,  till  the  downward  movement  became  so 
great  aa  to  convert  the  whole  u^a  into  a  sea  of  considerable  depth, 
in  which  much  floating  ice  carrying  mud,  aand,  and  boulders  melted 
and  let  fall  its  burthen  to  the  bottom.  Finally,  over  the  tiil,  vrilli 
boulders,  stratified  drift  was  formed,  after  which,  but  not  until  the 
total  snbsidencB  had  amounted  to  more  than  400  feet,  an  upward 
movement  began,  which  re-eleyated  the  country,  so  that  the  lowest 
of  the  terrestrial  formations,  or  the  forest  bed,  was  brought  up  to 
nearly  its  pristine  level  in  such  a  manner  as  to  be  exposed  at  low 
tide.  Both  the  descending  and  ascending  movements  seem  to  have 
been  very  graduftL 

OLACIAL  FORiCATIOIIB  HT  NORTH  AHEBICA. 

In  the  western  hemisphere,  both  in  Canada  and  as  far  sontb  as 
the  40th  and  even  38th  parallel  of  latitude  in  the  United  States,  we 
meet  with  a  repetition  of  all  the  peculiarities  which  distinguish  the 

*  For  a  fuller  account  of  these  Horfolk  depotils,  kc  Ljcll,  Antiqnitj  of  Man, 
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Enropeto  boulder  formation,  Frogmenta  of  rock  have  travelled  for 
^t  distancea,  especially  from  north  to  aoutb  :  the  surface  of  tbe 
jDbjacent  rock  is  smoothed,  striated,  and  fluted ;  unstratifisd  mad  or 
till  containing  boulders  is  associated  with  strata  of  loam,  sand,  and 
cl»7,  usaally  devoid  of  fossila.  Where  ahella  are  present,  they  are 
of  ip«cies  Etill  living  in  Dorthern  seas,  and  half  of  them  identical 
with  those  already  ennmerated  as  belonging  to  European  drift.  The 
ftiuia  alio  of  the  glacial  epoch  in  Norllt  America  is  less  rich  in 
species  than  that  now  inhabiting  the  adjacent  sea,  whether  in  the 
Golf  of  St.  Lawrence,  or  off  the  shores  of  Maine,  or  in  the  Bay  of 
Musachusetta. 

The  extension  on  tbe  American  continent  of  the  range  of  erratics 
daring  the  Fost-pbocene  period  to  lower  latitudes  than  they  reached 
in  Europe,  agrees  well  with  tbe  present  southward  deflection  of  the 
iwhermal  lines,  or  rather  the  lines  of  equal  winter  temperature. 
It  wems  that  formerly,  as  now,  a  more  extreme  climate  and  a  more 
ibondant  supply  of  floating  ice  prevailed  on  the  western  side  of  the 
AiUotic. 

Another  resemblance  between  the  diatribulion  of  the  drift  fossils 
in  Earope  and  North  America  has  yet  to  be  pointed  ont.  In  Canada 
iod  the  United  States,  as  in  Norway,  Sweden,  Scotland,  and  Europe 
^endly,  the  marine  shells  are  confined  to  very  moderate  elevations 
tbove  the  sea  (between  100  and  700  feet),  while  the  erratic  blocks 
mi  the  grooved  and  polished  surfaces  of  rock  extend  to  elevations 
of  several  thousand  feet. 

I  described  in  1839  the  fossil  shells  collected  by  Captain  Bayfield, 
liom  strata  of  drift  at  Beauport,  near  Quebec,  in  tat.  47°,  and  drew 
fran  them  tbe  inference  that  they  indicated  a  more  northern  climate, 
tbe  ehelis  agreeing  in  great  part  with  those  of  Uddevalla  in  Sweden.* 
The  shelly  beds  attain  at  Beauport  and  the  neighbourhood  a  height 
it  200,  300,  and  sometimes  400  feet  above  the  sea,  and  dispersed 


liroogh  some  of  them  are  large  boulders  of  granite,  which  could  not 
tiare  been  propelled  by  a  violent  current,  because  the  accompanying 
^ile  sheUs  are  almost  all  entire.  They  seem,  therefore,  said  Captain 
Bayfield,  writing  in  1638,  to  have  been  dropped  down  from  melting 
ice,  like  similar  stones  which  are  now  annually  deposited  in  the 
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St  Lawrence.*  I  visited  thie  locality  in  I842,Bnd  made  the  annexed 
section,  fig.  138.,  which  will  give  an  idea  of  the  general  position  of 
the  drift  in  Canada  and  the  United  States.  I  imagine  that  the  trhole 
of  the  vallej',  B,  wu  once  filled  up  with  the  beds  b,  c,  d,  e,/,  which 
were  deposited  during  a  period  of  subsidence,  and  that  subsequently 
the  hif^hor  country  (A)  was  submerged  and  overspread  with  drift 
The  partial  re-excavation  of  B  took  place  when  this  region  was  agun 
uplilt«d  above  the  sea  to  its  present  height.  Among  the  twenty-three 
species  of  fossil  shells  collected  by  me  from  these  beds  at  Beauport, 
all  were  of  recent  northern  species  ;  the  only  supposed  exception, 
Attarte  Laurentiana,  being  now  considered  by  good  conchologiets  as 
g  variety  of  the  British  A.  compretsa  (see  flg,  139.).    I  also  examiued 


the  same  formation  farther  up  the  valley  of  the  St.  Lawrence,  in  the 
suburbs  of  Montreal,  where  some  of  the  beds  of  loam  are  filled  with 
great  numbers  of  the  MytiUu  edulit,  or  our  common  European  mussel, 
retaining  both  its  valves  and  its  purple  colour.  This  shelly  deposit, 
containing  among  other  marine  shells  Saxicava  rugosa,  characteristic 
of  the  glacier  di'ifl  of  Sweden,  also  occurs  at  an  elevated  point  on 
the  mountain  of  Montreal,  450  feet  above  the  level  of  the  sea.')' 

In  my  account  of  Canada  and  the  United  States,  publbhed  in 
1845,  I  announced  the  conclusion  to  which  I  had  then  arrived,  that 
to  explain  the  position  of  erratics  and  the  polished  surfaces  of  rockfs 
and  their  stris  and  flutings,  'we  must  assume  first  a  gradital  euI>' 
mergence  of  the  land  in  Kortb  America,  after  it  had  acqaired  its 
present  outline  of  hill  and  valley,  cliff  and  ravine,  and  then  ils 
re-emergence  from  the  ocean.  In  order  to  account  for  the  universal 
glaciation  of  the  surface  of  the  solid  rocks,  on  which  the  drift 
reposes  in  the  neighbourhood  of  the  great  lakes,  and  north  and  south 
of  the  St  Lawrence,  it  seemed  necessary  to  assume  the  action  of 
ice  previoQS  to  all  deposition  of  drift  or  transportation  of  erratics 
The  general  direction  of  tlie  furrows  from  north  to  south,  for  they 
rarely  deviate  more  than  10°  or  20°  to  the  east  or  west  of  the  meridian, 
seemed  to  favour  the  idea  of  their  being  for  the  most  part  due  tu 
the  running  aground  of  icebergs  drifting;  from  arctic  liititudes. 
The  absence  in  many  regions,  as  in  the  Niagara  district,  of  high 
mountain  chains,  and  the  extension  of  undiminished  ice  action  as  far 
south  as  the  40th  parallel,  made  me  unwilling  to  appeal,  save  in 
some  exceptional  cases,  to  land  glaciers  as  the  principal  agents  of 
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this  glaciation.  I  assamed,  therefore,  that  while  the  land  was 
tlowlj  sinking,  the  sea  which  bordered  it  waa  covered  with  islands 
of  floating  ice  coming  from  the  north,  which,  a?  they  grounded  ou 
ihe  eoast  and  on  shoals,  pushed  along  such  loose  materials  of  sand 
ud  pebbles  as  lay  strewed  over  the  bottom.  B7  this  force  all 
iDgular  and  projecting  points  were  broken  off,  and  fragments  of  hard 
£toDe,  frosen  into  the  lower  surface  of  the  ice,  scooped  out  grooves 
in  the  subjacent  solid  rock.  The  sloping  beach,  ae  well  as  the  floor 
of  the  ocean,  miglit  be  polished  and  scored  hj  this  machinery,  pro- 
dnciog  such  long,  Etraight,  and  parallel  furrows,  as  are  everywhere 
Tiiible  in  the  Niagara  district,  and  generally  in  the  region  north  of 
the  40th  parallel  of  latitude.* 

This  hypothesis  of  a  slow  and  gradual  subsidence  of  the  land 
enables  us  to  imagine  that  the  polishing  and  grooving  action  may 
have  been  going  on  simultaneously  with  the  transportation  of  the 
emtics.  I>uring  the  successive  depression  of  high  land,  varying 
originally  in  height  from  1000  to  3000  feet  above  the  sea-level,  every 
portion  of  the  surface  wonld  be  brought  down  by  turns  to  the  level  of 
(he  ocean,  so  as  to  be  converted  first  into  a  coast-line,  and  then  into 
s  aboal ;  and  at  length,  after  being  welt  scored  by  the  stranding  upon 
it  year  after  year  of  large  masses  of  coast-ice  and  occasional  icebergs, 
might  be  sunk  to  a  depth  of  several  hundred  fathoms.  By  thecon- 
sttut  depreaeiott  of  land,  the  coast  would  recede  futher  and  farther 
from  the  successively  formed  zones  of  polished  and  striated  rock, 
each  outer  eodo  becoming  in  its  turn  so  deep  under  water,  as  to  be 
no  longer  grated  upon  by  the  heaviest  icebergs.  Such  sunken  areas 
would  then  simply  serve  as  receptacles  of  mud,  sand,  and  boulders 
dropped  from  melting  ice,  perhaps  to  a  depth  scarcely,  if  at  all,  in- 
Iiabited  by  testacea  and  zoophytes.  Meanwhile,  during  the  formation 
of  the  unstratified  and  nn fossil iferous  mass  in  deep  water,  the 
smoothing  and  furrowing  of  shoals  and  beaches  would  still  go  on 
eUewhere  upon  and  near  the  coast  ia  full  activity.  If  at  length  the 
subsidence  should  cease,  and  the  direction  of  the  movement  of  the 
earth's  crust  be  reversed,  the  sunken  area  covered  with  drift  would 
be  slowly  reconverted  into  land.  The  boulder  deposit,  before 
emerging,  would  then  for  a  time  be  brought  within  the  action  of 
the  waves,  tides,  and  currents,  bo  that  its  upper  portion,  being 
partially  denuded,  would  have  its  materials  rearranged  and  stratilied. 
Stre*niB  also  flowing  from  the  land  would  in  some  places  throw  down 
layers  of  sediment  upon  the  till.  In  that  case,  the  order  of  super- 
positioD  will  be,  first  and  uppermost,  sand,  loam,  and  gravel  occa- 
sionally fossiliferous  ;  secondly,  an  unstratified  and  un  fossil  if erous 
nuus  called  till,  for  the  most  part  of  much  older  date  than  the  pre- 
ceding, with  angular  erratics,  or  with  boulders  interspersed ;  and 
thtnjlT,  beneath  the  whole,  a  surface  of  polished  and  furrowed  rock. 
If  we  reflect  on  the  vast  area  over  which  the  dispersion  of  marine 
glacial  drift  is  now  in  progress,  we  shall   at  once  see  that  it  must 
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equal,  if  it  does  not  greatly  exceed,  the  space  over  which  glacien 
and  continental  ice  are  moTiiig.  It  -would,  therefore,  have  been  in 
the  highest  degree  perplexing  if  -we  bad  not  met  with  proof)  of 
submarine  glaciation  on  a  most  extensive  scale,  including  all  llie 
phenomena  of  polishing,  scratching,  furrowing,  and  rounding  of 
rocky  surfaces,  and  the  transportation  of  erratics  and  finer  mate- 
rials ;  seeing  that  there  is  so  much  evidence  everywhere  in  Europe 
and  North  America  of  the  conversion  of  sea  into  land,  as  well  &e 
land  into  sea,  since  the  commencement  of  the  glacial  epoch. 

But  although  a  large  portion  of  the  drift  of  North  America  has 
been  duo,  like  that  of  Europe,  to  floating  ice  and  a  period  of  sab- 
mergence,  that  continent  has  also  had  its  land-ice,  and  its  centres  of 
dispersion  of  erratic  blocks.  The  White  Mountains  of  New  Hamp- 
shire, lat.  44"  N.,  the  loftiest  of  which  is  more  than  6000  feet  higb, 
may  be  cited  as  an  example^  and  the  late  Professor  Hitchcock  io- 
ferred  that  some  of  the  highest  hills  in  Massachusetts  once  sent 
down  their  glaciws  into  the  lower  country.  I  have  already  men- 
tioned that  in  Europe  several  quadrupeds  of  living,  as  well  as 
extinct,  species  were  common  to  pre-glacial  and  post-glacial  times. 
In  like  manner  there  is  reason  to  suppose  that  in  North  America 
much  of  the  ancient  mammalian  fauna,  together  with  nearly  all  the 
inrertebrata,  lived  through  the  ages  of  intense  cold. 

That  in  the  United  States  the  Mattodon  giganteua  wae  ver; 
abundant  after  the  drift  period,  is  evident  from  the  fact  that  entire 
skeletons  of  this  animal  are  met  with  In  b<^  and  lacustrine  deposits 
occupying  hollows  in  the  drift.  They  sometimes  occur  in  the  bottom 
even  of  small  ponds  recently  drained  by  the  agriculturist  for  the  sake 
of  the  shell-marl.  I  «xamined  one  of  these  spots  at  Geneseo,  in  the 
State  of  New  York,  from  which  the  bones,  skall,  and  tusk  of  a  Mas- 
todon had  been  procured  in  the  marl  below  a  layer  of  black  peat; 
earth,  and  aacertuned  that  all  the  associated  freshwater  and  land 
sheila  were  of  a  species  now  common  in  the  same  districL  They 
consisted  of  several  species  of  Lt/mnea,  of  FlanorbU  bicarinatut, 
I^yta  keterostropha,  &c. 

In  1845  no  less  than  six  skeletons  of  the  same  species  of  Mastodou 
were  found  in  Warren  ooanty.  New  Jersey,  six  feet  below  the  surlace, 
by  a  farmer  who  was  digging  out  the  rich  mud  from  a  small  ponil 
which  he  had  drained.  Five  of  these  skeletons  were  lying  together, 
and  a  large  part  of  the  bones  crumbled  to  pieces  as  soon  as  they  were 
exposed  to  the  air.  But  nearly  the  whole  of  the  other  skeleton, 
which  lay  about  ten  feet  apart  from  the  rest,  was  preserved  entire, 
and  proved  the  correctness  of  Cuvier's  conjecture  respecting  d)is 
extinct  animal,  namely,  that  it  had  twenty  ribs  like  the  living 
elephant.  From  the  clay  in  the  interior  within  the  riba,  jnst  where 
the  contents  of  the  stomach  might  naturally  have  been  looked  for, 
seven  bushels  of  vegetable  matter  were  extracted.  I  submitted  some 
of  this  matter  to  Mr.  A.  Henfrey  of  London  for  microscopic  exami- 
nation, and  he  informs  me  that  it  consists  of  pieces  of  small  twig.' 
of  a  coniferous  tree  of  the  Cypress  family,  probably  the  young 
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(hoots  of  the  white  cedar,  Thuja  oecidentalts,  still  a  native  of  North 
America,  od  which  therefore  we  may  couclude  that  this  extinct 
Muiodon  once  fed. 

Another  specimen  of  the  same  quadruped,  the  most  complete  and 
probably  the  largest  ever  found,  waa  exhumed  in  1845  in  the  town 
of  Newburg,  New  York,  the  length  of  the  skeleton  being  25  feet, 
ind  its  height  12  feet.  The  anchylosing  of  the  last  two  ribs  on  the 
right  side  afforded  Dr.  John  C.  Warren  a  true  gauge  for  the  space 
occDpied  bj  the  intervertebrate  substance,  so  as  to  enable  him  to 
form  a  correct  estimate  of  the  entire  length.  The  tuske  when  disco- 
vered were  10  feet  long,  but  a  part  only  could  be  preserved.  The 
lar^  proportion  of  animal  matter  in  the  tusk,  teeth,  and  bones  of 
some  of  these  fuseil  mammalia  is  truly  astonishing.  It  amounts  in 
some  coses,  as  Dr.  C.  T.  Jackson  has  ascertained  by  analysis,  to  27 
per  cent. ;  so  that  when  all  the  earthy  ingredients  are  removed  by 
arids,  the  form  of  the  bone  remains  as  perfect  and  the  mass  of 
inimii  matter  is  almost  as  firm,  as  in  a  recent  bone  subjected  to 
Etmitar  treatment. 

It  would  be  rash,  however,  to  infer  from  such  data  that  these  qua- 
dropeds  were  mired  in  modem  times,  unless  we  use  that  term  strictly 
in  a  geological  sense.  I  have  shown  that  there  is  a  fluviatile  de- 
posit in  the  valley  of  the  Niagara,  containing  shells  of  the  genera 
Mdania,  LA/mnea,  Ftanorbis,  Valvaia,  Ct/clru,  Unio,  Helix,  He, 
uli  of  recent  species,  from  which  the  bones  of  the  great  Mastodon 
hiive  been  taken  in  a  very  perfect  state.  Yet  the  whole  excavation 
of  the  ravine,  for  many  miles  below  the  Falls,  has  been  slowly 
effected  since  that  fluviatile  depcnit  was  thrown  down. 

Whether  or  not,  in  assigning  a  period  of  more  than  30,000  years 
for  the  recession  of  the  Falls  from  Queenstown  to  their  present  site, 
I  have  over  or  under  estimated  the  time  required  for  that  operation, 
no  one  can  doubt  that  a  vast  number  of  centuries  must  have  elapsed 
before  so  great  a  series  of  geographical  changes  were  brought  about 
as  have  occurred  since  the  entombment  of  this  elephantine  quadruped. 
'n»  freshwater  gravel  which  encloses  it  is  decidedly  of  much  more 
modem  origin  than  the  drift  or  boulder-clay  of  the  same  region." 

Other  extinct  animals  accompany  the  Mastodon  giganleui  in  the 
post-glacial  deposits  of  the  United  States,  among  wliich  the  Ca»to- 
rwde*  ohioentu,  Foster  and  Wym&n,  a  huge  rodent  allied  to  the 
beaver,  and  Capybara  may  be  mentioned.  But  whether  the  "  ioess," 
ud  other  freshwater  and  marine'  strata  of  the  Southern  States,  in 
which  skeletons  of  the  same  Mastodon  are  mingled  with  the  bones 
of  the  Megatherium,  Mylodon,  and  Megalonyx,  were  contempora- 
neous with  the  drift,  or  were  of  subsequent  date,  is  a  chronological 
qoestion  still  open  to  discussion.  It  appears  clear,  however,  from 
*'bat  we  know  of  the  pliocene  and  post-tertiary  fossils  of  Europe— 
lod  I  believe  the  same  will  bold  true  in  North  America,  that  nearly 
ill,  if  not  all,  the  species  of  testacea  and  most  of  the  mammalia 

*  "naTelf  in  N.  America,  toL  L  chap,  ii.,  and  Principle*  of  QeoL,  chip.  xir. 
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which  existed  prior  to  tbe  gUcial  epoch  aurrived  that  er&.  The 
fuct  is  important,  as  refuting  the  hypothesis,  for  'which  some  have 
contended,  that  the  cold  of  the  glacial  period  was  so  intense  and 
nniTersal  as  to  annihilate  all  living  creatures  throughout  the  globe. 

That  the  cold  was  greater  for  a  time  than  it  is  now  in  certain  parts 
of  Siberia,  Europe,  and  North  America,  will  not  be  disputed  ;  but, 
before  we  can  infer  the  universality  of  a  colder  climate,  we  must 
ascertain  what  was  the  condition  of  other  parts  of  the  northern,  and 
of  the  whole  southern  hemisphere,at  the  time  when  the  Scandinavian, 
British,  and  Alpine  erratics  were  transported  into  their  present 
position.  It  must  not  be  forgotten  that  a  great  deposit  of  drift  and 
erratic  blocks  is  now  in  full  progress  of  formation  in  the  southern 
hemisphere,  in  a  zone  corresponding  in  latitude  to  the  Baltic,  and  to 
I^orthern  Italy,  Switzerland,  France,  and  England.  Should  the  un- 
even bed  of  the  soalhem  ocean  be  hereafter  converted  by  upheaval 
into  laud,  the  hills  and  valleys  will  be  strewed  over  with  transported 
fmgments,  some  derived  from  the  antarctic  continent,  others  from 
islands  covered  with  glaciers,  like  South  Georgia,  which  must  now  be 
centres  of  the  dispersion  of  drift,  although  situated 'in  a  latitude 
freeing  with  that  of  the  Cumberland  mountains  in  England. 

Not  only  are  these  operations  going  on  between  tiie  45th  and  60th 
parallels  of  latitude  south  of  the  line,  while  the  corresponding  zone 
of  Europe  is  free  from  ice  ;  but,  what  is  still  more  worthy  of  remark, 
we  find  in  the  Gouthera  hemisphere  itself,  only  900  miles  distant 
from  South  Georgia,  where  the  perpetual  snow  reaches  to  the  sea- 
beach,  lands  covered  with  forest,  as  in  Terra  del  Fuego.  There  is 
here  no  difference  of  latitude  to  account  for  the  luxuriance  of 
vegetation  in  one  spot,  and  the  ahsolute  want  of  it  in  the  other  ;  but 
among  other  refrigerating  causes  in  South  Georgia  may  bo  enu- 
merated the  countless  icebergs  which  Scat  from  the  antarctic  zone, 
and  which  chill,  as  they  melt,  the  waters  of  the  ocean,  and  the  sur- 
rounding air,  which  they  fill  with  dense  fogs.  The  contrast  of  cli- 
mate and  glacial  conditions  in  corresponding  zones  of  the  northern 
and  southern  hemispheres,  and  even  in  corresponding  latitudes  on 
the  same  side  of  the  equator,  makes  it  highly  probable  that  the 
extreme  of  cold  in  the  glacial  period  was  not  experienced  simulta- 
neously in  North  America  and  Europe. 

Connection  of  the  predominance  of  lahei  vnth  glacial  action. — 
It  has  been  truly  remarked  that  lakes  are  very  common  in  those 
countries  where  erratics,  striated  4>oulders,  and  rock  surfaces,  with 
other  signs  of  glaciation  abound  i  and  that  they  are  comparatively 
rare  in  tropical  and  subtropical  regions.  When  travelling  over 
some  of  the  lower  lands  in  Sweden,  far  from  mountains,  as  well  as 
over  the  coast  region  of  Maine  in  the  United  States,  and  other 
districts  in  North  America,  I  was  much  strnck  with  the  innu- 
merable ponds  and  small  lakes,  of  which  counterparts  are  described 
as  equally  characteristic  of  Finland,  Canada,  and  the  Hudson's  Bay 
Territories.  I  have  never  seen  any  similar  form  of  tbe  surface 
Bouth    of   latitude  40°  N.  in  the  western,  and  Sff"  N.  in   the 
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ttMtera  hemisphere.  The  relation  of  a  certaia  number  of  these 
sheets  of  water  to  the  glacial  period  is  obvious  enough,  for  not 
1  Tew  of  them  are  dammed  up  b^  barriers  of  uuBtratified  drift,  such 
u  tnaj  have  constituted  the  termiual  and  lateral  moraines  of  glaciers, 
or  maj  have  been  thrown  down  from  melting  icebergs  when  the 
country  was  still  under  water.  To  this  class  of  lakes  and  ponds  the 
lenn  "  morainic  "  has  been  applied.  But  I  agree  with  Frofeaaor  Ram- 
nj,  that  the  origin  of  many,  even  of  the  moderate-sized  depressions 
now  filled  with  water,  cannot  be  so  explained,  because  many  of  them 
titve  iheir  barriers  formed  of  solid  rock. 

With  reference  to  cavities  of  large  dimensions  contuning  water 
is  mountainous  regions,  they  have  been  truly  said  to  lie  almost  uni> 
Tsraally  in  the  course  of  valleys  of  erosion,  being,  like  them,  narrow 
in  proportion  to  their  length.  If  many  of  them  run  in  the  lines 
of  great  rents  and  faults,  traversing  the  older  rocks,  this  is  no 
more  thnn  may  be  said  of  most  of  the  longitudinal  and  transverse 
viUeys  of  every  mountain  chain.  Mr.  Jukee  has  well  observed  that 
l»ke-basins  are  by  no  means  caused  by  rents  gaping  or  widening  in 
iheir  higher  e^itremities  ;  and  he  adds  that  whei-e  fissures  have 
been  ezamioed  by  miners  in  the  interior  of  the  earth,  whether  the 
rocks  have  been  shifted  or  not,  they  are  usually  only  a  few  feet  wide, 
ud  even  when  traced  for  more  than  lOOU  feet  in  a  vertical  direc- 
tion, they  preserve  a  remarkable  uniformity  in  width.  Nor  are 
nlleys  and  lake-baains  the  result  of  the  engulfment  or  the  swallow- 
ing up  in  subterranean  abysses  of  masses  once  at  or  near  the  anrface. 
Hid  this  been  the  case,  we  should  not  find,  as  we  now  do,  the  same 
elrats  often  contionous  from  side  to  side,  at  the  upper  and  lower 
«ndsof  the  lake.  It  is  evident  that  the  materials  which  once  filled 
(he  basin  faave  been  gradually  removed,  so  that  older  formations  are 
now  exposed  to  view  on  the  bottom.  It  may  be  said  of  the  particu- 
lar masses  of  rock  now  constituting  the  sides  of  such  cavities,  as  we 
may  affirm  of  valleys  in  general,  that  they  were  never  nearer  each 
other  than  they  are  at  present.  The  only  question,  then,  to  be  dis- 
cussed is,  whether  the  denuding  cause  was  ice  or  running  water — a 
gUeier  or  a  river. 

At  the  foot  of  every  cataract  we  see  that  the  water  has  formed  a 
deep  circular  pooL  In  like  manner  it  is  suggested  that  ice,  descend- 
iog  a  precipice  or  steep  slope,  and  rubbing  off  sand  and  stones  from 
(he  surface  of  the  same,  may,  when  it  reaches  the  bottom  and  presses 
on  it  with  its  whole  weight,  so  grind  dovm  and  wear  away  the  rock, 
u  to  scoop  out  one  of  those  cavities  called  tarns.  But  if  we  admit 
iucli  a  process  as  matter  of  speculation,  we  must  at  the  same  time 
suppose  that  after  it  has  worked  out  a  cavity  it  loses  all  power  to 
extend  ^e  same,  being  wholly  unable  to  cut  a  gorge  through  the 
barrier  forming  the  lower  margin  of  the  tarn  at  the  point  where  the 
discharge  of  ice  formerly  took  place,  and  where  a  stream  now  issues. 
This  diminbhed  force  of  erosion  wherever  the  ice  has  to  ascend  a 
^ope,  or  to  move  horizontally,  seems  adverse  to  the  hypothesis  ad- 
f  >iie«d  by  Professor  Ramsay  of  the  formation  of  lakes  of  considerable 
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length  and  depth  by  glaciers.  Yet  the  advocates  of  the  origin  of 
lakes  hj  icc-oction  do  not  hesitate  to  appeal  to  the  eame  causation  to 
account  for  the  largest  Swiss  aud  Italian  lakes  at  the  northern  and 
southern  foot  of  the  Alps,  such  as  those  of  Geneva,  Como,  and  Lago 
Maggiore,  which  vary  from  twenty  to  nearly  fifty  miles  in  length,  and 
in  depth  from  500  to  2000  feet,  and  more. 

In  speculating  on  such  a  mode  of  origin,  we  feel  greatly  the  want 
of  positive  data,  which  might  enable  us  to  test  the  actual  power  of 
a  glacier  to  scoop  cavities  out  of  a  floor  of  subjacent  rock.  It  may, 
however,  be  remarked,  that  where  opportunities  are  enjoyed  of 
seeing  part  of  a  valley  from  which  a  glacier  has  retreated  in  his- 
torical times,  no  basin-shaped  hollows  are  conspicuous.  Dome- 
shaped  protuberances,  the  "  roches  moutonn^es  "  before  described, 
are  frequent  ;  but  the  converse  of  them,  or  cop  and  saucer-shaped 
cavities,  are  wanting.  Everywhere  we  behold  proofs  that  the 
glacier,  by  the  aid  of  sand  and  pebbles,  can  grind  down,  polish,  and 
plane  the  bottom  ;  hut  it  seems  incapable  of  doing  more,  although 
the  fundamental  rocks  must,  in  different  places,  be  of  very  unequal 
hardness.  It  ie  also  well  known  that  at  certain  points  in  the  course 
of  some  of  the  principal  glaciers  of  the  Alps,  transverse  rents  in  the 
ice,  or  crevices,  several  feet  wide  and  of  great  number  and  depth, 
occur,  which  are  referred  by  geologista  to  inequalities  in  the  ground 
l>elow,  ove,r  which  the  icy  mass  is  pushed.  In  such  instances,  though 
(he  ice  moves  on  and  the  old  crevices  close  up,  others  of  precisely 
the  same  form  and  dimensions  are  renewed  every  year,  century  after 
century,  in  the  same  place,  implying  that  even  where  the  declivity 
is  very  great,  and  the  propelling  force  from  behind  enormous,  the 
ice  cnnnot  saw  through  and  get  rid  of  the  obstacles  which  impede 
the  freedom  of  its  onward  march. 

When  we  are  endeavouring  to  form  sound  opinions  as  to  the 
relation  of  the  frequency  of  lake-basins  to  an  antecedent  glacial 
period,  we  must  not  forget  that  such  basins,  large  and  small,  are 
met  with  in  all  latitudes,  and  that  there  are  lacustrine  deposits  of  all 
geological  epochs,  attesting  the  existence  of  lakes  at  times  when  no 
one  is  disposed  to  attribute  them  to  the  agency  of  ice.  In  Central 
France,  for  example,  in  the  Miocene  and  Eocene  periods,  there  were 
lakes  of  considerable  dimensions  when  the  climate,  like  that  of  the 
preceding  Cretaceous  era,  was  sub-tropicaL  It  would,  indeed,  be 
the  most  perplexing  of  all  enigmas  if  we  did  not  find  that  lake- 
basins  were  now,  and  had  been  at  alt  times,  a  normal  feature  in  the 
physiognomy  of  the  earth's  surface,  since  we  know  that  unequal 
movements  of  upheaval  and  subsidence  are  now  in  progress,  aud 
were  going  on  at  all  former  geological  periods. 

It  needs  but  little  reflection  on  this  anhject  to  discover  that^  when 
such  changes  of  level  are  in  progress,  some  of  the  principal  valleys  can 
hardly  fail  to  be  converted  in  some  p&rts  of  their  course  into  lakes  of 
considerable  magnitude.  To  escape  such  a  result  we  should  have  to 
assume  that  the  greatest  elevatory  movement  always  conforms  to  the 
central  axis  of  every  chain,  or,  what  would  be  still  more  singular, 
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thai  it  coincides  in  direction  with  everjr  water-ehed.  OocasionaUy, 
no  doubt,  there  would  be  Buch  a  coincidence,  and  if  so,  the  upheaval, 
instead  of  interfering  with  the  drainage  and  damming  back  the 
rivers,  would,  b;^  increasing  the  fall  of  water,  tend  even  to  oblite- 
rale  tuch  lakes  as  pre-existed.  But  aometimee  upheaval  will  be  in 
excess  in  the  lower  part  of  the  valiey,  and  at  other  times  (which 
woald  eqnall;^  produce  lake-basins)  there  would  be  an  excess  of 
tobsidence  in  the  higher  region,  the  alluvial  plains  below  sinking  at 
a  leu  rapid  rate,  or  being,  perhaps,  stationary. 

When  controverting,  in  1863,  in  the  first  edition  of  inj  "Antiquity 
of  Man"  (p.  316.),  Professor  Ramsay's  hypothesis  of  the  scooping 
out  by  ice  of  long  and  deep  cavities  like  those  containing  the  Swiss 
and  Italian  lakes,  I  proposed  to  substitute  for  bis  ice-agency  the 
theory  of  unequal  movements  of  upheaval  and  subsidence.  I  assumed 
that  the  Alpine  region  had  been  exposed  for  countless  ages  to  the 
uiion  of  rain  and  rivers  from  Older  Pliocene  if  not  from  Upper 
Uiocene  times,  and  I  therefore  inferred  that  the  larger  valleys, 
thronghont  the  greater  part  of  their  depth  and  width,  were  of  pre- 
glaeial  origin.  If  they  were  not  so,  it  seemed  to  me  that  we  should 
be  called  upon  to  explain  a  more  difficult  enigma  than  the  origin  of 
the  take-basins,  namely,  why  the  rivers  had  been  idle  for  a  million 
years  or  more,  leaving  to  glaciers  the  task  of  doing  in  comparatively 
modem  times  the  whole  work  of  excavation. 

T^e  Alps  are  from  60  to  100  miles  across.  Let  us  suppose  a  central 
depression  in  this  chain  at  the  rate  of  5  feet  in  a  century,  while  the 
iotensity  of  the  movement  gradually  diminishes  as  it  approaches  the 
oatskirts  of  the  chain,  till  at  length  it  dies  out  in  the  surroauding 
lower  region.  After  a  long  continuance  of  such  a  change  of  level, 
there  will  not  only  be  a  lessened  fall  of  all  the  rivers,  but  the  courses 
of  matiy  of  them  will,  at  various  points,  especially  near  the  foot  of 
the  monntains,  be  converted  into  lakes.  If,  in  the  case  of  Wales,  we 
cu  demonstrate  an  upward  movement  of  1400  feet  during  a  part  of 
the  glacial  epoch,  we  may  well  suppose  still  greater  alterations  of 
level  in  the  Alps,  and  agree  with  Charpentier  that  those  mountains 
which  from  a  remote  geolt^col  era  have  been  the  theatre  of  reite- 
rated upward  and  downward  movements  may  have  been  at  the 
lime  of  the  most  intense  cold,  three  thouBond  feet  higher  than  they 
are  now.  They  may  also  have  been  lowered  again,  as  I  have  else- 
where suggested("  Antiquity  of  Man,"  p.  S21.),  before  the  close  of 
the  Glacial  epoch,  and  oscillations  of  such  magnitude  may  well 
have  been  accompanied  by  such  inequalities  of  movement  as 
would  inevitably  have  turned  some  parts  of  the  pre-existing 
valleys  into  the  receptacles  of  vast  bodies  of  ice,  destined  after- 
wards to  be  converted  into  water.  We  know  that  in  the  earth- 
quake in  (be  northern  island  of  New  Zealand,  in  January,  IS55, 
lixn  was  a  permanent  rise  of  land  on  the  northern  shores  of  Cook's 
Strait  to  the  extent  of  9  feet  Terticslly.  On  one  side  of  Muko- 
nuka  Point,  or  immediately  to  the  east,  there  was  no  movement, 
Virile  on  the  other  side,  or  to  the  westward,  there  was  a  gradual  dimi- 
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Dntion  of  ihe  upheaval  from  9  feet  to  a  few  inches,  until,  at  a  distanco 
of  about  23inile^,  uo  changoof  lerel  was  perceptible.  Simultaneously 
with  this  elevation  of  land,  there  was  a  sinking  of  the  low  coast  to 
Ihe  amount  of  5  feet  in  the  middle  island  south  of  Cook's  Strait.  The 
repetition  of  euch  unequal  movements  maj,  in  ft  time  geologically 
brief,  turn  parts  of  any  valley  into  a  lake.  In  Finmark  an  ancient 
water-level  bas  been  carefully  measured  along  the  borders  of  a  fiord, 
rising  gradually  at  the  rate  of  4  feet  in  a  mile  for  30  miles  from  soutli 
to  north,  until  at  one  extremity  it  attiuns  an  elevation  of  135  feet 
above  the  other  end,  and  this  movement  is  of  post-pliocene  date- 
Whenever  the  lower  part  of  a  fiord  or  valley  is  thos  msed,  or 
wherever,  in  the  upper  portion,  subsidence  is  in  like  manner  in 
excess,  a  lake-basin  may  result  as  above  stated.  If  there  be  no  ice, 
the  formation  of  a  lake  will  depend  on  the  relation  of  two  forces  : 
the  rate  at  which  the  land  is  raised  or  sunk,  and  the  rate  at  which 
the  river  can  deposit  sedimeut  in  the  new  depression.  Should  tbe 
movement  be  very  slow,  the  river  may  fill  the  incipient  cavity  with 
mud,  sand,  and  pebbles,  as  fast  as  it  is  formed,  and  having  levelled 
it  up  may  afterwards  cut  ihrongh  the  new  stony  barrier  at  the 
lower  margin  of  the  depressed  area ;  but  if  the  capacity  of  the  new 
basin  increases  at  too  great  a  rate,  the  river  will  only  be  able  to 
encroach  partially  upon  it  by  forming  a  delta  at  ita  higher  extremity. 
If  the  change  takes  place  in  a  glacial  period,  the  thickness  of  the 
ice  will  augment  from  century  to  century,  not  in  consequence  of 
erosion,  but  simply  because  the  contour  of  the  valley  is  becoming 
gradually  more  basin-shaped.  The  mere  occupancy,  therefore,  of 
cavities  by  ice,  by  preventing  fiuviatile  and  lacustrine  deposition,  is 
one  cause  of  the  abundance  of  lakes,  which  will  come  into  exist- 
ence whenever  the  climate  changes  and  the  ice  melts. 

In  Switzerland  there  are  lacustrine  formations  of  the  Post.- 
pliocene  period,  which  show  that  the  Lake  of  Zurich,  and  soioe 
other  Swiss  lakes,  were  formed  before  the  erosive  power  of  ice  bad 
been  exerted  in  that  conntry("Antiquity,"p.3I4.).  In  Scotland,  also, 
there  is  evidence  that  some  of  the  miun  valleys  by  which  the  drainnge 
now  takes  place  were  in  existence  before  the  Glacial  epoch.  But 
although  most  of  the  valleys  of  the  Alps  and  some  of  the  lakes 
were  pre-glacial,  there  seems  ground  for  suspecting  th^  not  a  few  of 
the  valleys  were  converted  into  lake-basins  during  tbe  long  series 
of  ages  in  which  ice  prevailed.  In  support  of  this  view,  many  good 
observers  affirm  that  below  the  present  outlet  of  the  great  lakes  iri 
Switzerland  and  Italy,  an  ancient  fluviatile  alluvium  may  be  seen, 
on  which  the  moraines  of  the  great  glaciers  which  once  traversed 
tbe  lakes  repose.  The  pebbles  in  these  old  alluviums  comprise  all 
those  varieties  of  rocks  which  belong  to  the  upper  course  of  the 
valley  above,  or  to  tributary  valleys  in  the  same  higher  region.  The 
phenomenon  here  alluded  to  would  be  in  perfect  accordance  with 
the  theory  that  the  rivers  were  once  continuous,  or  not  intercepted 
by  lake-basins  destined  to  be  filled  and  traversed  by  glaciers.  It  i£ 
unneceaaary  to  resort  to  M.  de  Uortillet's  hypothesis,  that  each  basin 
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Tu  first  filled  op  with  alluvium  sometimes  above  2O0O  feet  thick,  and 
that  this  was  ajlerwards  cleared  out  by  a  glacier,  for  such  removal 
would  imply  a  capacity  of  erosion  which  we  are  not  warranted  to 
UBome,  and  which,  if  granted,  might  have  enabled  the  ancient 
glacier  of  the  Rhone  to  excavate  the  basin  of  the  Lake  of  Geneva 
out  of  the  miocene  molasse.  Dr.  Falconer,  Mr.  Ball,  and  other 
wrilers,  have  point«d  ont  that  the  form  of  several  of  the  great  Italian 
lakes,  sQch  as  Como,  Maggiore,  and  Garda,  is  by  no  means  in  harmony 
vitb  the  hypothesis  that  they  have  been  hollowed  out  by  great 
gliiciers  which  once  passed  through  them. 

From  the  analogy  of  blowing  water,  we  have  reason  to  suspect 
that  ice  woald  move  slower  and  exert  less  friction  on  the  bottom 
in  proportion  to  the  depth  of  the  cavity  which  it  fills,  for  the 
motion  of  a  glacier  resembles  that  of  a  river — the  upper  strata 
ffioviog  faster  than  the  lower  ;  and  if  there  be  a  depth  of  2600 
f^t,  as  in  Lago  Maggiore,  it  is  difficult  to  conceive,  when  the 
principal  discharge  of  ice  is  almost  entirely  effected  in  the  upper 
part  of  the  mass,  that  the  movements  at  the  bottom  would  be 
safficiently  energetic  to  enable  the  ice  to  penetrate  deeply  into  the 
rocks  below.  A  still  more  serious  objection  to  the  ice-origin  of  . 
Uke-basins  is  deducible  from  the  absence  of  such  basins  of  the  first 
magnitude  in  the  plains  of  the  Fo  at  certain  points  where  the  greatest 
of  the  extinct  glaciers  once  came  down  from  the  Alps,  leaving  their 
gigantic  moraines  in  the  low  country.  Of  this  absence,  the  finest 
eiUDple  occurs  at  Ivrea  and  sonth  of  it,  where  we  observe  a  moraine 
more  than  1500  feet  high  in  its  northern  port,  consisting  of  mud, 
iloaes,  and  large  erratic  blocks,  evidently  brought  down  from:  the 
tva  highest  of  the  Alps,  Afont  Blanc  and  Mont«  Bosa.  This  old 
moraine,  when  it  issues  from  the  mountains  and  spreads  over  the 
ptuDs  of  the  Po,  reposes  on  marine  strata  of  the  Pliocene  age,  so 
oDconsolidated  that  the  glacier  might  have  scooped  out  of  it  a  deep 
cavity  had  moving  ice  possessed  such  an  excavating  power. 

Another  example  of  the  absence  of  a  great  lake  where  we  ought  to 
have  foond  one,  according  to  the  glacier-erosion  hypothesis,  occurs  in 
a  contiguous  region  on  the  other  side  of  Turin,  between  that  city  and 
Sa5a,  where  the  moraine  of  the  Dora  Riparia  extends  far  and  wide. 

I^  in  surveying  a  mountain-chain  lengthwise  or  transversely,  wo 
observe  a  capricious  distribution  of  lake-basins,  we  have  no  reason 
to  feel  surprise,  so  long  as  we  conceive  the  origin  of  the  basins  to  be 
doe  to  subterranean  movements  in  the  earth's  crust,  for  these  may 
be  partial  in  their  extent,  or  may  vary  in  their  direction  in  a  manner 
which  has  no  relation  to  the  course  of  the  valleys.  But  if,  rejecting 
the  aid  of  changes  of  level,  we  invoke  a  superficial  agency,  like  that 
of  glaciers,  we  are  then  utterly  at  a  loss  to  explain  why  they  should 
^oop  out  a  hollow  in  one  ralley  and  perform  no  similar  feat  in  an 
adjoining  one. 

We  have  shown  that  rivers  are  doubly  instrumental  in  prevent- 
ing the  formation  of  lake-basins  ;  first,  by  labonring  incessantly  to 
ult  op  an  incipient  cavity,  and  secondly,  by  deepening  their  chan> 
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nels,  or  cutting  out  new  ones  through  the  rocke,  wliich  may  have 
been  slowly  raised  up  so  as  to  interfere  with  the  regular  drainage. 
There  is  no  analogous  agency  at  work  at  the  bottom  of  the  sea 
except  partially,  where  mariae  currents  deriving  sediment  from 
wasting  shores,  or  from  rivers,  deposit  it  at  the  bottom.  With  tbe 
exception  of  such  areas  of  submarine  deposition,  every  partial  eub- 
sidence  will  cause  a  permanent  depression,  ready  to  become  tbe 
receptacle  of  fresh  water  whenever  the  tract  emerges  or  is  turned 
into  land.  As  to  the  extent  of  such  lake-basins,  we  should  have  no 
right  to  wonder  if  they  equalled  in  sisse  Lakes  Erie  and  Ontario,  or 
even  Lake  Superior  itself,  provided  the  lapse  of  geological  time  has 
been  eufiicieatly  protracted.  But  suppose  the  submerged  area  to 
have  been  continually  traversed  by  huge  icebergs  like  Baffin's  "Bay, 
for  thousands  of  years  before  it  became  part  of  the  continent  Id 
that  case  we  should  not  only  find  on  it  a  multitude  of  morainic  lakes 
of  various  sizes,  but  probably  many  shallow  saucer-like  cavities  worn 
in  the  bed  of  the  sea,  out  of  rocks  in  situ,  by  the  reiterate  im- 
pinging upon  them  of  huge  masses  of  ice,  moving  (as  before  described, 
p.  147.)  in  their  lowest  parts  with  a  velocity  of  aa  many  miles  is 
even  the  uppermost  strata  of  a  glacier  move  inches.  The  winds  and 
currents  might  carry  hundreds  of  such  bergs  during  every  century 
towards  the  same  tracts,  and  these  might  exert  a  great  amount  of 
friction  on  the  Soor  of  the  ocean.  The  mud  and  sand  formed  by  the 
abrasion  of  rock,  or  any  stones  which  might  be  frozen  into  tbe  bottom 
of  the  iceberg,  or  driven  into  it  when  the  mass  impinged  with  great 
force  OD  the  bed  of  the  sea,  may  be  removed  as  soon  as  the  berg,  by 
melting  in  its  upper  part,  becomes  lighter,  and  rising  floats  away. 
In  this  inBtance  the  conditions  are  more  favourable,  both  for  tritu- 
rating a  rocky  floor  and  clearing  out  earth  and  stones  from  the 
new-formed  cavity,  than  are  conceivable  in  the  case  of  a  glacier  de- 
scending a  valley. 

Causes  of  Change  of  Climate. — Submergence  of  the  Sahara. — I 
endeavoured  in  1830,  in  the  "Principles  of  Geology,"  chapters 
vii.  and  viil.,  to  point  out  tbe  intimate  connection  of  climate  with 
the  state  of  the  physical  geography  of  the  globe  existing  at  any 
given  period.  If,  for  example  at  certain  periods  of  the  past,  the 
antarctic  land  was  less  elevated  aud  less  extensive  than  now,  while 
that  at  the  north  pole  was  higher  and  more  continuous,  tlie 
GonditioDS  of  the  northern  and  southern  hemispheres  might  have 
beeu  to  a  great  extent  the  reverse  of  what  we  now  witness  in 
regard  to  climate.  But  if  in  both  of  the  polar  regions  a  consider- 
able area  of  elevated  dry  land  existed,  such  a  concurrence  of  re- 
frigerating conditions  in  both  hemispheres  might  have  created  for 
a  time  an  inteosity  of  cold  never  experienced  since.  Some  geolo- 
gists have  objected  that  the  cold  of  the  glacial  period  was  so  general 
throughout  the  polar  and  temperate  regions  on  both  sides  of  the 
equator,  that  mere  local  changes  in  the  external  configuration  of  our 
planet  cannot  be  imagined  to  afford  an  adequate  cause  for  a  revolu- 
tion in  temperature  of  so  modern  a  date.     But  the  more  we  compare 
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the  state  of  the  earth's  surface  la  pliocene,  post-pliocene,  and  recent 
times,  the  more  evideace  do  ire  obtain  of  upward  and  downward 
morement  on  such  a  scale  ae  to  convince  us  that  in  difiereat  parts 
of  the  periods  in  question  a  map  of  the  world  would  no  more  re- 
semble our  present  maps  than  Europe  now  resembles  America  or 
Africa.  A  careful  study  of  the  distribution  of  the  living  species  of 
animals  and  plants  in  tertiary  and  recent  times,  leads  to  similar  cou- 
duaiong  ue  to  the  vastness  of  the  changes  which  the  physical  geogra- 
phy of  the  globe  has  undergone,  so  that  the  theory  in  question  cannot 
be  impugned  on  the  score  of  awaut  of  univeraality  in  the  movements 
of  the  earth's  crust 

The  changes  alluded  to  in  the  "  Principles  of  Geology  "  as  capable 
of  affecting  the  climates  of  the  globe  at  successive  geological  periods, 
consisted  cbiefiyof  the  conversion  of  sea  into  land  and  land  into  sea, 
(he  increased  or  diminished  height  of  mountain  chains  and  conti- 
nents, and  the  preponderance  of  land  and  water  in  high  and  low 
latitudes,  together  with  the  new  direction  giren  to  the  principal 
correDts  of  tho  ocean,  such  as  the  Gulf-stream.  But  although  I  did 
Dot  omit  to  mention  the  vast  heat  which  is  carried  by  the  winds 
&om  the  great  desert  of  Africa  to  those  parts  of  Europe  which  lie 
unmediately  north  of  it,  I  was  not  able  to  avail  myself  of  a  geo- 
graphical fact  since  ascertained  by  geologists  respecting  the  Sahara, 
namely,  that  this  desert  must  have  formed  part  of  the  sea  when  the 
cold  of  the  glacial  epoch  was  at  its  height  Ritter  bad  suggested  in 
ISIT,  that  the  African  desert  had  been  under  water  at  a  very  modern 
period,  and  M.  Escher  von  der  Linth  gave  it  as  his  opinion  in  18S2, 
that  if  this  submergeuce  were  true,  it  would  explain  why  the  Alpine 
glaciers  hod  attained  in  the  Post-pliocene  period  those  colossal  dimen- 
sions which  Veneti  and  Chaipentier,  reasoning  on  geological  data, 
firet  assigned  to  them.  Since  this  hint  was  thrown  out  by  the  distin- 
goished  Swiss  geologists,  Messrs.  Laurent  and  Tristram,  and  in  1863 
M.  £8cher  himself,  together  with  MM.  Desor  and  Martins,  have 
found  marine  shells,  especially  the  common  cockle,  Cardium  tdule, 
Kallered  far  and  wide,  from  west  to  east,  over  the  desert,  while 
tbe  sbeUs  of  these  and  other  living  species  have  also  been  found 
in  boring  Artesian  wells,  at  the  depth  of  many  feet  below  the  sur- 
face. 

The  space  now  occupied  by  the  Sahara,  instead  of  forming  a  tract 
of  parched  and  burning  sand,  from  which  the  south  wind  or  sirocco 
DOW  derives  its  scorching  heat  and  dryness,  constituted  formerly  a 
wide  marine  area,  stretching  several  hundred  miles  north  and  south 
and  east  and  west  From  this  area  the  south  wind  must  formerly 
hare  absorbed  moisture,  and  must  have  been  still  farther  cooled  and 
I'ainrated  with  aqueous  vapour  as  it  passed  over  the  Mediterranean. 
Vhen  at  length  it  reached  the  Alps,  and,  striking  them,  was  driven 
into  the  higher  and  more  rarefied  regions  of  the  atmosphere,  it 
would  part  with  its  watery  burden  in  the  form  of  snow,  so  that  the 
»une  srial  current  which  under  the  name  of  the  Fiibn  or  Sirocco 
now  plays  a  leading  part  with  its  hot  and  dry  breath,  sometimes  even 
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JQ  the  deplhof  winter,  in  melting  the  snow  and  checking  the  growth 
of  glaciers,  must,  at  the  period  alluded  to,  have  been  the  priccipal 
feeder  of  Alpine  snow  and  ice. 

1IETEOR1TE3  IN  DRIFT. 

As  my  account  of  the  glacial  period  hag  led  me  to  speak  at  some 
length  of  post-pliocene  drift,  I  may  take  this  opportunity  of  referring 
10  the  discovery  of  a  meteoric  stone  at  a  great  depth  in  the  allu- 
vium of  Northern  Asia. 

Evmnn,  in  his  Archives  of  Russia  for  1S41  (p.  314.),  cites  a  very 
c ire umstan till  account  drawn  up  by  a  Russian  miner  of  the  finding 
of  a  mass  of  meteoric  iron  in  the  aurifei-ous  alluvium  of  the  Altai. 
Some  small  fragments  of  native  iron  were  tirst  met  with  in  the  gold- 
washings  of  Petropawlowsker  in  the  Mrassker  Circle  ;  but  though 
they  attracted  attention,  it  was  supposed  that  they  must  have  been 
broken  off  from  the  tools  of  the  workmen.  At  length,  at  the  depth 
of  31  feet  5  inches  from  the  surface,  they  dug  out  a  piece  of  iron 
weighing  17-^  pounds,  of  a  steel-grey  colour,  somewhat  harder  than 
ordinary  iron,  and,  on  analysing  it,  found  it  to  consist  of  native  iron, 
with  a  small  proportion  of  nickel,  as  usual  in  meteoric  stones.  It 
was  buried  in  the  bottom  of  the  deposit  where  the  gravel  rested  on 
a  flaggy  limestone.  Much  brown  iron  ore,  as  well  as  gold,  occurs  in 
the  same  gravel,  which  appears  to  be  part  of  that  extensive  auriferous 
formation  in  which  the  bones  of  the  mammotli,  the  Rhinoceros 
ttehorhinua,  and  other  extinct  quadrupeds  abound.  No  sufficient 
data  are  supplied  to  enable  us  to  determine  whether  it  be  of  Post- 
pliocene  or  Newer  Pliocene  date. 

We  ought  not,  I  think,  to  feel  surprise  that  we  have  not  hitherto 
succeeded  in'  detecting  the  signs  of  such  aerolites  in  older  rocks  i 
for,  besides  their  rarity  in  our  own  days,  those  which  fell  into  the 
eea  (and  it  is  with  marine  strata  that  geologists  have  usually  to 
deal),  being  chiefly  composed  of  native  iron,  would  rapidly  enter 
into  new  chemical  combinations,  the  water  and  mad  being  charged 
with  chloride  of  sodium  and  other  salts.  We  find  that  anchors, 
cannon,  and  other  cast-iron  implements  which  have  been  buried  for 
a  few  hundred  years  off  our  English  coast  have  decomposed  In  part 
or  entirely,  turning  the  sand  and  gravel  which  enclosed  tbem  into  a 
conglomerate,  cemented  together  by  oxide  of  iron.  In  like  manner 
meteoric  iron,  although  its  rusting  would  be  somewliat  checked  by 
tlie  alloy  of  nickel,  could  scarcely  ever  fail  to  decompose  in  the 
course  of  thousands  of  years,  becoming  oxide,  sulphuret  or  carbonate 
of  iron,  and  its  origin  being  then  no  longer  distinguishable.  Tbo 
greater  the  antiquity  of  rocks — the  oftener  they  have  been  beaieii 
and  cooled,  permeated  by  gases  or  by  the  waters  of  the  sea,  the 
atmosphere  or  mineral  springs — the  smaller  must  be  the  chance  oi' 
meeting  with  a  mass  of  native  iron  unaltered  ;  but  the  preservatiou 
of  the  ancient  meteorite  of  the  Altai,  and  the  presence  of  nickel  in 
these  curious  bodies,  renders  the  recognition  of  them  in  deposits  ot' 
remote  periods  less  hopeless  tlian  we  might  have  anticipated. 
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CHAPTEE  Xm. 

CUSSIFICATION   OF  TERTURT   TORMATIOKS. — PLIOCENE  PBBIOD. 

OriCT  of  iDcce«8ion  of  Bedimentsry  formationa  —  ImperTeclion  of  the  record  — 
tkrediTenen  and  obacoritj  of  the  monnmenU  greater  in  proportion  to  tbeSr 
utiqaitj— Reuoniforatadying  the  neirer  gronpt  fint — Ghoeral  principles  of 
diMiGcatioD  of  tertiary  strata — Detached  fannatioBB  Bcati«red  over  Europe  — 
S<nu  of  Paris  and  London  —  More  modern  gronpi  —  Peculiar  difflcnliiei  in 
dnenDining  the  chronologj  of  tertiary  fonaations  —  iDCreasing  proportion  of 
li'ing  ipeciei  of  abetla  in  strata  of  newer  origin— Eocene,  Miocene,  and  Pliocene 
Unu  explained — Formations  of  t&e  Newer  Pliocene  period — Island  of  Ischia — 
Eui«m  baia  of  Monot  Etna — Kewer  Pliocene  itrata  of  great  height  and  extent 
in  Sirilj— Formationa  of  »ame  age  in  the  Upper  Vai  d'Arno — Norwich  Crag — 
Chaiofiwd  bodi  —  Bridlington  Beda —  Older  Pliocene  atrala  — Ked  Crag  of 
SnSolk —  Whit«  or  coralline  Crag -~  SacceeBifB  refrigeration  of  climate  proved 
bjthe  plioeeDB  ahells  of  Sulfolk  aod  Norfolk — Antwerp  Crag  —  Snbapennine 
nnu  ~  Aralo-Caapian  fonnatioDt. 

TsE  post-tertiary  formationB,  comprising  the  Fost-plioceae  and 
HecFQt,  having  been  described  in  the  laat  three  chapters,  I  have 
itDw  to  give  an  account  of  the  strata  called  tertiary  and  the  eeveral 
^npe  into  which  they  have  been  subdivided. 

The  annexed  digram  will  show  the  order  and  superposition  of 
iW  principal  sets  of  fossiliferouB  deposits  enumerated  in  the  table, 
Fge  101.,  assuming  them  all  to  be  visible  in  one  continuous  section. 


In  natifre,  as  before  hinted,  p^e  98.,  we  have  never  an  opportunity 
if  weing  the  whole  of  them  so  displayed  in  a  single  region ; 
firjt,  because  sedimentary  deposition  is  confined,  during  any  one 
?«)logical  period,  to  limited  areas ;  and  secondly,  because  strata, 
•fiCT  they  have  been  formed,  are  liable  to  be  utterly  annihilated  over 
*ide  areas  by  denadation.  Bnt  wherever  certain  members  of  the 
*«rie»  are  present,  they  overlie  one  another  in  the  order  indicated  in 
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the  diagram,  though  not  always  in  the  exact  manner  tliere  repre- 
sented, because  some  of  them  repose  occasionally  in  nnconformable 
stratification  on  others.  This  mode  of  snperpositioQ  baa  been  al- 
ready explained  at  page  59.  Where  it  occurs  it  is  almost  invaribU; 
accompanied  by  a  great  dissimilarity  in  the  species  of  organic  it- 
mains  of  the  Beta  of  strata  next  iu  succession,  the  discordance  imply- 
ing a  considerable  lapse  of  time  which  intervened  between  the  two 
formations  in  juxtaposition.  During  the  ages  which  elapsed,  aod 
of  which  no  records  have  been  handed  down  to  us  in  the  area  in 
question,  we  may  suppose  a  gradual  change  to  have  been  going  od 
in  the  state  of  the  animal  creation,  and  the  same  interval  allowed 
time  for  a  great  amount  of  movement  and  dislocation  to  have  been 
brought  about  iu  the  earth's  crust,  so  that  the  strata  preriously  ex- 
isting in  the  region  alluded  to  had  been  much  disturbed  and  their 
edges  exposed  to  aqueous  denudation  before  the  more  modern  te\ 
were  thrown  down  upon  them. 

Where  the  widest  gaps  appear  in  the  sequence  of  organic  remains, 
as  between  the  Permian  and  Triasaic  rocks,  or  between  the  Creta- 
ceous and  Eocene,  examples  cf  such  uncooform ability  are  very  fre- 
quent. But  they  are  also  met  with  in  some  part  or  other  of  the 
world  at  the  junction  of  almost  all  the  other  principal  formations, 
and  sometimes  the  subordinate  divisions  of  any  one  of  the  leading 
groups  may  be  found  lying  nncouformably  on  another  subordinate 
member  of  the  same — the  Upper,  for  example,  on  the  Lower  Silurian, 
or  the  superior  division  of  the  Old  Red  Sandstone  on  a  lower  mem- 
ber of  the  same,  and  so  forth.  Instances  of  such  irregularities  in  the 
mode  of  succession  of  the  strata  next  in  contact  are  the  more  intelli- 
gible the  more  we  extend  our  survey  of  the  fossihferoua  formations, 
for  we  are  continually  bringing  to  light  deposits  of  intermediate 
date,  which  have  to  be  intercalated  between  those  previously  known, 
and  which  reveal  to  us  a  long  series  of  events,  of  which  antecedently 
to  such  discoveries  we  had  no  knowledge. 

But  while  nnconformability  invariably  bears  testimony  to  a  lapse 
of  unrepresented  time,  the  con  form  ability  of  two  sets  of  strata  in 
contact  by  no  means  implies  that  the  newer  formation  immediately 
succeeded  the  older  one.  It  simply  implies  that  the  ancient  rocbs 
were  subjected  to  no  movements  of  such  a  nature  as  to  tUt,  bend,  oi 
break  them  before  the  more  modern  formation  was  superimposed. 
It  does  not  show  that  the  earth's  crust  was  motionless  iu  the  regioi 
in  question,  for  there  may  have  been  a  gradaal  sinking  or  rising 
extending  uniformly  over  a  large  surface,  and  yet,  duriog  sue! 
movement,  the  stratified  rocks  may  have  retained  their  origins 
horicontality  of  position.  There  may  have  been  a  eouveraion  of  i 
wide  area  from  sea  into  land  and  from  land  into  sea,  and  during  ther< 
changes  of  level  some  strata  may  have  beeu  slowly  removed  b; 
aqueous  action,  and  after  this  new  strata  may  be  saperimposoc 
differing  perhaps  In  date  by  thousands  of  years  or  centuries,  Kud  yt 
resting  conformably  on  the  older  seL  There  may  even  be  m  blent 
Ing  of  the  materials  constitutiog  the  older  deposit  with  thoae  of  tt 
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newer,  so  u  to  ^ve  rise  to  a  passage  m  the  miner^  character  of  the 
OH  Kxk  iato  the  other  aa  if  Uiere  bad  been  no  break  or  interraption 
in  tbe  depouting  proce^. 

Al&<ragb  bj  the  frequent  discoveiy  of  new  sets  of  intermediate 
sbiUthe  traasitioa  from  one  type  of  organic  remains  to  another  is  be- 
uaing;  less  and  leas  abrupt,  jet  the  entire  series  of  records  appears 
to  the  geologists  now  living  ^r  more  fragmentary  and  defective  than 
it  HeiDed  to  their  predecessors  half  a  century  ago.  The  earlier  en- 
quiren,  as  often  as  they  encountered  a  break  in  the  regular  sequence 
of  formations,  connected  it  theoretically  with  a  sadden  and  violent 
ctbutrophe,  which  bad  put  an  end  to  ^le  regular  course  of  events 
tbit  had  been  going  on  onintermptedly  for  ages,  annihilating  at  the 
wu  time  ail  or  nearly  all  the  organic  beings  which  had  previously 
flourislied,  after  which,  order  being  re-established,  a  new  series  of 
creali  was  initiated.  In  proportion  as  our  faith  in  these  views 
gnnn  weaker,  and  the  phenomena  of  the  organic  and  inorganic 
world  presented  to  us  by  geology  seem  explicable  on  the  hypothesis 
of  gradual  and  insensible  changes,  varied  only  by  minor  convulsions, 
Nch  as  have  been  witnessed  in  historical  times  ;  and  in  proportion 
uitis  thought  possible  that  former  fluctuations  in  the  oi^anic 
world  may  be  due  to  the  indefinite  modifiability  of  species  without 
tlx  necessity  of  assnuiing  new  and  independent  acts  of  creation, 
Ihe  nomber  and  magnitude  of  the  gaps  which  still  remain,  or  the 
ntreme  imperfection  of  the  record,  become  more  and  more  striking, 
ud  what  we  possess  of  the  ancient  annals  of  the  earth's  history 
■Fpears  as  nothing  when  conteasted  with  that  which  has  been 
lut. 

When  we  examine  a  large  area  such  as  Europe,  the  averse  as 
well  u  the  extreme  height  above  the  sea  attained  by  the  older  for- 
matioDs  is  nsaally  found  to  exceed  that  reached  by  the  more  modern 
ones,  Ihe  primary  or  paleozoic  rising  higher  than  the  secondary,  and 
liteK  in  their  turn  than  the  tertiary,  while  in  reference  to  the  three 
dividons  of  the  tertiary,  tbe  lowest  or  Eocene  group  attains  a 
bigher  summit  level  than  the  Miocene,  and  these  again  a  greater 
^ight  than  the  Pliocene  formations.  lastly,  the  post-tertiary  de- 
posits, such,  at  least,  as  are  of  marine  origin,  are  most  commonly  re- 
Hricled  to  mnch  more  moderate  elevations  above  the  sea-level  than 
the  tertiary  atrata. 

It  is  also  observed  that  strata,  in  proportion  as  they  are  of  newer 
dale,  bear  the  nearest  resemblance  in  mineral  character  to  those 
which  are  now  in  the  progress  of  formation  in  seas  or  lakes,  the 
Mwest  of  all  consisting  principally  of  soft  mud  or  loose  laud,  in 
(OOK  places  full  of  shells,  corals,  and  other  organic  bodies,  animal  or 
vegetable,  in  others  wholly  devoid  of  such  remains.  The  farthw  we 
rtcede  from  the  present  time,  and  the  higher  the  antiquity  of  the 
f"nnaiious  which  we  examine,  the  greater  are  the  changes  which  the 
ledimeDtary  deposite  have  undergone.  Masses,  for  example,  which 
were  originally  soft  and  yielding  have  been  condensed  by  pressure 
othen  which  were  incoherent  have  been  solidified  by  the  infiltration 


180  PHINCIPLES  OF   CLASSIFICATION  [Cm.  XIll. 

of  mineral  matter  which  has  cemented  together  their  BepRTSle  parU; 
othera  hare  been  modilied  bj  heat,  traversed  by  shrinkage  cracks, 
and  partially  cryBtallised,  or  the  strata  hare  been  fractured  daring 
earthquakes,  or  bent  and  contorted  by  lateral  pressure,  or  thrown 
into  a  vertical  position,  or  even  overturned  bo  that  the  originsl 
order  of  superposition  has  been  inverted,  and  the  beds  which  were 
at  first  the  lowest  have  become  the  oppermost. 

The  organic  remains  also  have  sometimes  been  obliterated  CDtirely, 
or  the  mineral  matter  of  which  they  were  composed  has  been  removed 
and  replaced  by  other  substances,  as  when  calcareous  fossils  have 
been  ailicified. 

We  likewise  observe  that  the  older  the  rocks  the  more  widely  do 
their  oi^anic  remains  depart  from  the  types  of  the  living  creation. 
First,  we  find  in  the  newer  tertiary  rocks  a  few  species  which  no 
longer  exist,  mixed  with  many  living  ones,  and  then,  as  we  go 
farther  back,  many  genera  and  families  at  present  unknown  make 
their  appearance,  until  we  come  to  strata  in  which  the  fossil  relics 
of  existing  species  are  nowhere  to  be  detected,  except  a  few  of  the 
lowest  forms  of  invertebrata,  while  some  orders  of  animals  and  plants 
wholly  unrepresented  in  the  living  world  begin  to  be  conspicuoas. 

When  we  study,  therefore,  the  geological  records  of  the  earth  and 
its  inhabitants,  we  find,  as  in  human  history,  the  defectiveness  and 
obscurity  of  the  monuments  always  increasing  the  remoter  the  era 
to  which  we  refer.  The  difficulty  of  determining  the  true  chrono- 
logical relations  of  rocks  is  also  more  and  more  enhanrad,  especially 
when  we  are  comparing  those  which  were  formed  simultaneously  in 
very  distant  regions  of  the  globe.  Hence  we  advance  with  securer 
steps  when  we  begin  with  the  etudy  of  the  geological  records  of 
later  times,  proceeding  from  the  newer  to  the  older,  or  from  the 
more  to  the  less  known. 

In  thus  inverting  what  might  at  first  seem  to  be  the  more  natural 
order  of  historical  research,  we  must  bear  in  mind  that  each  of  the 
periods  above  enumerated,  even  the  shortest,  such  as  the  Post-tertiaiy, 
or  the  Pliocene,  Hiocene,  or  Eocene,  embrace  a  succession  of  events 
of  vast  extent,  so  that  to  give  a  satisfactory  account  of  what  we 
^eady  know  of  any  one  of  them  would  require  many  volumes  of  the 
size  of  this  trestise.  When,  therefore,  we  approach  one  of  the  newer 
groups  before  endeavouring  to  decipher  the  monuments  of  an  older 
one,  it  is  like  endeavouring  to  master  the  history  of  our  own  country 
and  that  of  some  contemporary  nations,  before  we  enter  upon  Roman 
History,  or  like  investigating  the  annals  of  Ancient  Italy  and  Greece 
before  we  approach  those  of  Egypt  and  Assyria.  That  there  are 
inconveniences  in  thus  inverting  the  order  in  which  the  successive 
events  are  spoken  of  I  fully  admit,  but  there  are  also  uaquestiooable 
advantages,  and  practically  it  will  lead  to  no  misapprehension  as  to 
the  chronological  sequence  of  formations. 

The  origin  of  the  terms  Primary  and  Secondary  was  expliuned 
in  the  eighth  chapter,  pp.  9a  and  96. 

The  Tertiary  strata  were  bo  called  because  they  were  all  posterior 
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in  date  to  tbe  Secondary  Beries,  of  which  laat  the  Chalk  or  Cretaceous, 
Ho.  %  Qg.  140.,  constitates  the  newest  group.  The  whole  of  them 
were  at  firet  confounded,  as  before  stated,  p.  91.,  with  the  superficial 
lUoTiams  of  Europe  ;  and  it  was  loag  before  their  real  extent  and 
ihickoees,  and  the  various  ages  to  which  they  beloog,  were  fully  re- 
united. They  were  observed  to  occur  in  patches,  some  of  fresh- 
water, others  of  marine  origin,  their  geographical  area  being  nsually 
flnall  aa  compared  to  the  secondary  formations,  and  their  position 
ofken  suggesting  the  idea  of  their  having  been  deposited  in  dif- 
ferent baja,  lakes,  estuaries,  or  inland  seas,  after  a  large  portion  of 
ibe  space  now  occupied  by  Europe  had  already  been  converted  into 
^limd. 

The  first  deposits  of  this  class,  of  which  the  characters  were  ac- 
cataiely  determined,  were  those  occurring  in  tlie  neighbourhood  of 
Puis,  desmbed  in  1810  by  MM.  Cuvier  and  Brongniart.  They 
vere  Mcertained  to  consist  of  successive  sets  of  strata,  some  of 
msiine,  others  of  IVeshtvater  origin,  lying  one  upon  the  other,  Tbe 
fossil  sheila  and  corals  were  perceived  to  be  almost  all  of  unknown 
•peciea,  and  to  have  in  general  a  near  affinity  to  those  now  inhabit- 
ing wanner  seaa.  The  bones  and  skeletons  of  land  animals,  some  of 
tbem  of  large  sice,  and  belonging  to  more  than  forty  distinct  species, 
vere  examined  by  Cuvier,  and  declared  by  him  not  to  agree  apecifi- 
ciUy,  nor  moat  of  them  even  generically,  with  any  hitherto  observed 
in  the  living  creation. 

Strata  were  soon  afterwards  brought  to  light  in  the  vicinity  of 
London,  and  in  Hampshire,  which  althonsh  dissimilar  in  mineral 
composition,  were  justly  inferred  by  Mr.  T.  Webster  to  be  of  the 
ufDe  age  aa  those  of  Paris,  because  the  greater  oumber  of  the  fossil 
ihells  were  specifically  identical.  For  the  same  reason,  rocks  fonnd 
DO  the  Giroade,  in  the  South  of  France,  and  at  certain  points  in 
tlie  North  of  Italy,  were  suspected  to  be  of  contemporaneous  origin. 

A  variety  of  deposita  were  afterwards  found  in  other  parts  of 
Europe,  all  reposing  immediately  on  rocka  as  old  or  older  than  the 
cbalk,  and  which  exhibited  certain  general  characters  of  resemblance 
in  their  organic  remains  to  those  previously  observed  near  Paris  and 
IxmAtm.  An  attempt  was  therefore  made  at  first  to  refer  the  whole 
lo  one  period ;  and  when  at  length  this  seemed  impracticable,  it  was 
contended  that  aa  in  the  Parisian  series  there  were  many  subordinate 
fonnations  of  considerable  thickness  which  most  have  accumulated 
one  after  the  other,  during  a  great  lapse  of  time,  so  the  various 
pstebes  of  tertiary  strata  scattered  over  Europe  might  correspond  in 
sge,  some  of  them  to  the  older,  and  others  to  the  newer  subdivisions 
of  the  Parisian  seriea. 

This  error,  though  almost  unavoidable  on  the  part  of  those  who 
nude  the  first  generalizations  in  this  branch  of  geolt^y,  retarded 
Krionsly  for  some  years  the  progress  of  classification.  A.  more  acm- 
pnlous  attention  to  the  specific  distinction  of  organic  remains,  aided 
by  a  careful  regard  to  the  relative  position  of  the  strata  containing 
them,  led  at  length  to  the  conviction  that  there  were  tertiary  forma- 
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tions.  both  marine  tmd  freshwater  of  rariouB  ages,  newer  than  the 
strata  of  the  neighbourhood  of  Paris  and  London. 

One  of  the  flrat  ateps  in  this  chronological  reform  was  made  in 
1811,  by  an  English  naturalist,  Mr.  Parkinson,  who  pointed  out  the 
fact  that  certain  shelly  strata,  provincially  termed  "  Crag  "  in  Suffolk, 
were  decidedly  superimposed  on  a  deposit  which  was  the  continua- 
tion of  the  blue  clay  of  London.  At  the  Bame  time  he  remarked  that 
the  fosaii  testacea  in  these  newer  beds  were  distinct  from  those  of 
the  underlying  blue  clay,  and  that  while  some  of  them  were  of  un- 
known species,  many  others  were  identical  with  species  now  inhabit- 
ing the  British  seas. 

Another  important  discoverywas  soon  afterwards  made  by  Brocchi 
in  Italy,  who  investigated  the  argUlaceous  and  sandy  deposits,  re- 
plete with  shells,  which  form  a  low  range  of  hills,  flanking  the 
Apennines  on  both  sides,  from  the  plains  of  the  Po  to  Calabria. 
These  lower  hills  were  called  by  him  the  Subapennines,  and  were 
formed  of  strata  chiefly  marine,  and  newer  than  those  of  Paris  and 
London. 

Another  tertiary  groupoccurring  in  the  neighbourhood  of  Bordeaax 
and  Dax,  in  the  Soath  of  France^  was  examined  by  M.  de  Basterot 
in  1825,  who  described  and  figured  several  hundred  species  of  shells, 
which  differed  for  the  most  part  both  from  the  Parisian  series  and 
those  of  the  Subapennine  hills.  It  was  soon,  therefore,  suspected 
that  this  &tina  might  belong  to  a  period  intermediate  between  that 
of  the  Parisian  and  Subapennine  strata,  and  it  was  not  long  before 
the  evidence  of  superposition  was  brought  to  bear  in  support  of  this 
opinion  ;  for  other  strata,  contemporaneons  with  those  of  Bordeaux, 
were  observed  in  one  district  (the  Valley  of  the  Loire),  to  overlie  the 
Parisian  formation,  and  in  another  (in  Piedmont)  to  underlie  the  Sub- 
apennine  beds.  The  first  example  of  these  was  pointed  oat  in  1829 
by  M.  Desnoyers,  who  ascertained  that  the  sand  and  marl  of  marine 
origin  called  Falnn?,  near  Tours,  in  the  basin  of  the  Loire,  full  of  sea- 
shells  and  corals,  rested  upon  a  lacustrine  formation,  which  constitutea 
the  uppermost  subdivision  of  the  Parisian  group,  extending  eon- 
tinuOBsly  throughout  a  great  table-land  intervening  between  the 
basin  of  the  Seine  and  that  of  the  Loire.  The  other  example  occurs 
in  Italy,  where  strata,  containing  many  fossils  similar  to  those  of 
Bordeaux,  were  observed  by  Bonelli  and  others  in  the  environs  of 
Turin,  snlijaceiit  to  strata  belonging  to  the  Subapennine  group  of 
Brocchi. 

Without  pretending  to  give  a  complete  sketch  of  the  progress  of 
discovery,  I  may  refer  to  the  facts  above  enumerated,  as  illustrating 
the  course  nauallj  pursued  by  geologists  when  they  attempt  to  found 
new  chronological  divisions.  The  method  bears  some  analogy  to  that 
pursued  by  the  naturalist  in  the  construction  of  genera,  when  he  ae- 
lects  a  typical  species,  and  then  classes  as  congeners  all  other  species 
of  animals  and  plants  which  agree  with  this  standard  within  certain 
limits.  The  genera  A.  and  C.  having  been  founded  on  these  prin- 
ciples, a  new  species  is  afterwards  met  with,  departing  ividely  both 
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from  A.  and  C^  bat  in  manj  respects  of  an  intermediate  character. 
For  this  new  t^pe  it  becomes  necessaiy  to  institnte  the  new  genua  B., 
in  which  are  included  all  species  afterwards  brought  to  light,  which 
agree  more  nearl;  with  B.  than  with  the  ^pes  of  A.  or  C.  In  like 
nuQuer  a  new  formation  is  met  with  in  geology,  and  the  chanctera 
or  its  fossil  fauna  and  flora  investigate.  Trom  that  moment  it  is 
conaidered  as  a  record  of  a  certain  period  of  the  earth's  history,  and  a 
eiandard  to  which  other  deposits  mOiy  be  compared.  If  ttaj  are  found 
Mntaining  the  same  or  nearly  the  same  organic  remains,  and  occnpy- 
ing  the  same  retatiTe  position,  they  are  regarded  in  the  light  of  con- 
temporary annals.  All  such  monuments  are  said  to  relate  to  one 
period,  dnriog  whicb  certain  erents  occnrred,  such  as  the  formation 
of  particular  rocks  by  aqueous  or  volcanic  agency,  or  the  continued 
eibtence  and  foseilization  of  certain  tribes  of  animals  uid  plants. 
When  several  of  these  periods  have  had  their  true  places  assigned  to 
them  in  a  chronological  series,  others  are  discovered  which  it  be- 
comes necessary  to  intercalate  between  those  first  known  ;  and  the 
difficnl^  of  assigning  clear  lines  of  separation  must  unavoidably 
increase  in  proportion  as  chasms  in  the  past  history  of  the  globe  are 
flllednp. 

Every  zoologist  and  botanist  is  aware  that  it  is  a  comparatively 
easy  task  to  establish  genera  in  departments  which  have  been  en- 
riched with  only  a  small  number  of  species,  and  where  there  is  aa 
yet  no  tendency  in  one  set  of  characters  to  pass  almost  insensibly,  by 
s  multitude  of  connecting  links,  into  another.  They  also  know  that 
the  difficulty  of  classification  augments,  and  that  the  artificial  nature 
oftheirdivisionsbecomes  more  apparent,  in  proportion  to  the  increased 
anmber  of  objects  brought  to  light.  But  in  separating  families  and 
genera,  they  have  no  other  alternative  than  to  avail  themselves  of 
such  breaks  as  still  remain,  or  of  every  hiatus  in  the  chain  of  ani- 
mated beings  which  is  not  yet  filled  up.  So  in  geology,  we  may  be 
eventually  compelled  to  resort  to  sections  of  time  as  arbitrary,  and  as 
purdy  conventional,  as  those  which  divide  the  history  of  human 
events  into  centuries.  Bat  in  the  present  state  of  onr  knowledge,  it 
ii  more  eoDvenient  to  use  the  interruptions  vhich  still  occur  in  the 
regular  seqoence  of  geological  monuments,  as  boundary  lines  between 
nar  principal  groups  or  periods,  even  though  the  groups  thua  esta- 
blished are  of  very  anequal  value. 

The  iaolated  position  of  distinct  tertiary  deposiu  in  different  ports 
of  Enrope  has  been  already  alluded  to.  In  addition  to  tiie  difficulty 
rnsented  by  this  wont  of  continuity  when  we  endeavour  to  settle 
(he  chrODological  relations  of  these  deposits,  another  arises  from  the 
^uent  dissimilarity  in  mineral  character  of  strata  of  contemporo- 
ouMs  date,  such,  for  example,  as  those  of  London  and  Paris  before 
mentioned.  The  idmtityor  non-ideatity  of  species  is  also  a  criterion 
*h)ch  often  foils  us.  For  this  we  might  have  been  prepared,  for  we 
itft  alreadj  seen,  that  the  Mediterranean  and  Red  Sea,  although 
■riihin  70  miles  of  each  other,  on  each  side  of  the  Isthmus  of  Suez, 
^ve  each  tbeir  peculiar  fansa ;  and  s  marked  diftreuce  is  found  in 
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the  four  groups  of  testacea  now  liriag  in  the  Baltic,  Ei^lish  Channel, 
Black  Sea,  and  Mediterranean,  although  all  these  seas  have  many 
species  in  common.  In  like  manner  a  considerable  direraity  in  the 
fossils  of  different  terttarj  formations,  which  have  been  thrown 
down  in  distinct  seas,  estnaries,  bays,  and  lakes,  does  not  always 
imply  a  distiuctnefis  in  the  times  when  they  were  produced,  bnt  may 
have  arisen  iVom  climate  and  conditions  of  physical  geography  wholly 
independent  of  time.  On  the  other  hand,  it  is  now  abundantly  dear, 
as  the  result  of  geological  investigation,  that  different  seta  of  tertiary 
strata,  immediately  superimposed  upon  each  other,  contain  di'stincc 
embedded  species  of  fossils,  inconsequence  of  fluctuations  which  have 
been  going  on  in  the  animate  creation,  and  by  which  in  the  course  of 
ages  one  state  of  things  in  the  organic  world  has  been  substituted  for 
another  wholly  dissimilar.  It  has  abo  been  shown  that  in  propor- 
tion as  the  age  of  a  tertiary  deposit  is  more  modern,  so  is  its  &uaa 
more  analogous  to  that  now  in  being  in  the  neighbouring  seas.  It  is 
this  law  of  a  nearer  agreement  of  the  fossil  testacea  with  the  species 
now  living,  which  may  often  furnish  us  with  a  clue  for  the  cbrono- 
logical  arrangement  of  scattered  deposits,  where  we  cannot  avail  our- 
selves of  any  one  of  the  three  ordinary  chronological  tests  ;  namely, 
superposition,  mineral  character,  and  the  specific  identity  of  the 
fi>ssib. 

Thus,  for  example,  on  the  African  border  of  the  Bed  Sea,  at  the 
height  of  40  feet,  and  sometimes  more,  above  its  level,  a  white  cal- 
careous formation  has  been  observed,  containing  several  hundred 
species  of  sheila  differing  from  those  found  in  the  clay  and  volcanic 
tuff  of  the  country  round  Naples,  e.g.  in  the  Bay  of  Biuffi.  Another 
deposit  has  been  found  at  Uddevalla,  in  Sweden,  in  which  the 
shells  do  not  agree  with  those  found  near  Naples.  Bnt  although 
in  these  three  cases  there  may  be  scarcely  a  single  shell  common  to 
the  three  different  deposits,  we  do  not  hesitate  to  refer  them  all  to 
one  period  (the  Fost-pliocene),  because  of  the  very  close  agreement 
of  the  fossil  apecies  in  every  inatance  with  those  now  living  in  the 
contiguous  seas. 

To  take  another  example,  where  the  fossil  faona  recedes  a  few 
steps  farther  back  ftota  our  own  times.  We  may  compare,  first, 
certain  beds  at  the  eastern  base  of  Etna  near  Trezsa,  hereafter  to  be 
mentioned ;  secondly,  others  of  flnvio-marine  origin  near  Horwich ; 
and,  lastly,  a  third  set  often  rising  to  considerable  heights  in  Sicily  : 
and  we  discover  that  in  every  case  more  than  three-fonrtha  of 
the  shells  agree  with  species  atill  living,  while  the  reminder  arc 
extinct  Hence  we  may  conclude  that  all  these,  greatly  diversified  as 
are  their  organic  remains,  belong  to  one  and  the  same  era,  or  to  a 
period  immediately  antecedent  to  the  Foet-pliocene,  because  there 
has  been  time  in  each  of  the  areas  alluded  to  for  an  equal  or  nearly 
equal  amount  of  change  in  the  marine  testaceous  &una.  Cont^npo- 
raneonsness  of  origin  is  inferred  in  these  cases,  in  spite  of  the  most 
marked  diff^vnces  of  mineral  character  or  organic  contents,  from  a 
similar  degree  of  divergence  in  the  shells  from  those  now  living  in  the 

„,,,„,  i..oo8k- 


Cb.  111!.]        FLUCTUATIONS   IN   FAUNA   AND  PLOHA.  185 

■djoiniiig  seas.  The  advioitage  of  such  a  teat  conaiets  in  supplying 
w  with  m  common  point  of  departure  in  all  countries,  however 
remote. 

Bat  the  fitrther  we  recede  from  the  present  times,  and  the  smaller 
the  celatire  namber  of  recent  rs  compared  with  extinct  species  in 
tbe  tertiary  deposits,  the  less  confidence  can  we  place  in  the  exact 
nloe  of  Boch  a  test,  especiaUy  when  comporiog  the  strata  of  very 
distant  regions ;  for  we  cannot  presume  that  the  rate  of  former 
iltermtions  in  the  animate  world,  or  the  continual  going  out  and 
coming  in  of  species,  has  been  everywhere  exactly  equal  in  equal 
quantities  of  time.  The  form  of  the  land  and  sea,  and  the  climate, 
may  have  changed  more  in  one  region  than  in  another  ;  and  coosC' 
qnently  there  may  have  been  a  more  rapid  destruction  and  reiiov»> 
tioD  of  species  in  one  part  of  the  globe  than  elsewhere.  Consider- 
itioDs  of  this  kind  should  undoubtedly  put  us  on  our  guard  against 
relying  too  implicitly  on  tbe  accuracy  of  this  test  j  yet  it  can  never 
&il  to  throw  great  light  on  the  chronological  relations  of  tertiary 
groDps  with  each  other,  and  with  the  Post-pliocene  period,    i 

We  may  derive  a  conviction  of  this  truth  not  only  from  a  study  of 
geological  monuments  of  all  ages,  but  also  by  reflecting  on  the  ten- 
dency which  prevails  in  tbe  present  state  of  nature  to  a  unifiHrm  rat« 
ofidmultaneonB  fluctuation  in  the  flora  and  fauna  of  the  whole  globe. 
The  grounds  of  ancb  a  doctrine  cannot  be  discussed  here,  and  I  have 
explained  them  at  some  length  in  tbe  third  Book  of  the  "Frin- 
cijjea  of  Geology,"  where  the  causes  of  the  snccessive  extinction  of 
tpeeies  are  conaidered.  It  will  be  there  seen  that  each  local  change 
ia  climate  and  physical  geography  is  attended  with  the  immediate 
increase  of  certain  species,  and  the  limitation  of  the  range  of  others. 
A  revolution  thus  effected,  is  rarely,  if  ever,  confined  to  a  limited 
spice,  or  to  one  geographical  province  of  animals  or  plauta,  but 
■Sects  several  other  surrounding  and  contiguous  provinces.  In  each 
of  these,  moreover,  analc^ona  alterations  of  the  stations  and  habi- 
tations of  species  are  simultaneously  in  progress,  reactii^  in  tbe 
miDDer  already  alluded  to  on  the  first  province.  Hence,  long  before 
tbe  geography  of  any  particular  district  can  be  essentially  altered, 
the  flora  and  fauna  throughout  the  world  will  have  been  materially 
modified  by  countless  disturbances  iu  the  mutual  relation  of  the 
various  members  of  the  organic  creation  to  each  other.  To  assume 
that  in  one  Urge  area  inhabited  exclusively  by  a  single  assemblage  of 
species  any  important  revolution  in  physical  geography  can  be  brought 
■boat,  while  other  areas  remain  stationary  in  regard  to  the  position 
of  land  and  sea,  the  height  of  mountains,  and  so  forth,  is  a  most  im- 
probable'  hypothesis,  wholly  opposed  to  what  we  know  of  the  laws 
DOW  governing  the  aqneona  and  igneoue  causes.  On  the  other  hand, 
even  were  this  conceivable,  the  communication  of  heat  and  cold 
between  different  parts  of  the  atmoepbere  and  ocean  is  so  free  and 
rapid,  that  the  temperature  of  certain  sones  cannot  be  materially 
raised  or  lowered  without  others  being  immediately  affected  ;  and  the 
elevation  or  diminution  in  height  of  an  important  chain  of  mountaina 
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or  the  subtnergence  of  a  wide  tract  of  land  woald  modif;^  the  elimaie 
even  of  the  antipodes. 

It  will  be  observed  that  in  the  foregoing  allusious  to  organic  re- 
mains, the  testacea  or  the  ahell-hearing  mollnsca  are  selected  m  the 
most  uaeful  and  convenient  class  for  the  purposes  of  general  clasiiS- 
cation.  In,  the  first  place,  they  are  more  universally  distributed 
throngh  strata  of  every  age  thui  any  other  organic  bodies.  Those 
families  of  fossils  which  are  of  rare  and  casual  occurrence  are  abso- 
lutely of  no  avail  is  establishing  a  chronological  arrangement.  If  we 
have  plants  alone  in  one  group  of  strata  and  the  bouea  of  mammalia 
in  aaother,  we  con  draw  no  conclusion  respecting  the  affinity  or  dis- 
cordance of  the  organic  beings  of  the  two  epochs  compared  ;  and  the 
same  may  be  said  if  we  have  plants  and  vertebrated  animaU  in  one 
series  and  only  shells  in  another.  Although  corals  are  more  abun- 
dant, in  a  fossil  state,  than  plants,  reptiles,  or  fish,  they  are  still  rare 
when  contrasted  with  sheila,  especially  in  the  European  tertiary  for- 
mations. The  utility  of  the  testacea  is,  moreover,  enhanced  by  the 
circumstance  that  some  forms  are  proper  to  the  sea,  others  to  the 
land,  and  others  to  freshwater.  Rivers  scarcely  ever  fiut  to  carry 
down  into  their  deltas  some  land-shells,  together  with  species  which 
are  at  once  fluviatile  and  lacustrine.  By  this  means  we  leam  what 
terrestrial,  freshwater,  and  marine  species  coexisted  at  particular 
eras  of  the  past ;  and  having  thus  identified  strata  formed  in  seas 
with  others  which  originated  contemporaneously  in  inland  lakes,  we 
are  then  enabled  to  advance  a  step  farther,  and  show  that  certain 
quadrupeds  or  aquatic  plants,  found  fossil  in  lacustrine  formations, 
inhabited  the  globe  at  the  same  period  when  certain  fish,  reptiles,  md 
zoophytes  lived  in  the  ocean. 

Among  other  characters  of  the  moltuscous  animals,  which  render 
them  extremely  valuable  in  settling  chronological  qnesticms  in  geolt^, 
may  be  mentioned,  first,  the  widegeographicalrangeof  many  species; 
and,  secondly,  what  is  probably  a  consequence  of  the  former,  the  great 
duration  of  species  in  this  class,  for  they  appear  to  have  surpassed  in 
longevity  the  greater  number  of  the  mammalia  and  fish.  Had  each 
species  inhabited  a  very  limited  space,  it  could  never,  when  embedded 
m  strata,  have  enabled  the  geologist  to  identify  deposits  at  distant 
points ;  or  had  they  each  lasted  but  for  a  brief  period,  they  could 
have  thrown  no  light  on  the  conaection  ot  rocks  placed  fiu  irom 
each  other  in  (he  chronological,  or,  as  it  is  often  termed,  vertical 
series. 

Many  authors  have  divided  the  European  tftrtiory  strata  into  thr«e 
groups — lower,  middle,  and  upper ;  the  lower  comprising  the  oldest 
formations  of  Paris  and  London  before  mentioned ;  the  middle  thoM 
of  Bordeaux  and  Toaraine  ;  and  the  upper  all  those  newer  tfaui  the 
middle  group. 

When  engaged  in  1828  in  preparing  my  work  on  the  Principles  of 
Geology,  I  conceived  the  idea  of  classing  the  whole  series  of  tertiary 
strata  in  fi>ur  groups,  and  endeavouring  to  find  characters  for  each, 
expressive  of  their  different  degrees  of  affinity  to  the  living;  feona. 
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With  this  Tiew,  I  obtained  information  respecting  the  apeciBc  iden- 
titjr  of  many  tertiary  and  recent  shells  from  seToral  Italian  naturalists, 
ud  UDong  others  from  Professors  Bonelti,  Guidotti,  and  Costa. 
HiTinv  in  1829  l>ecome  acquainted  with  M.  Deshnjee,  of  Paris, 
already  well  known  hj  bis  conchological  works,  I  learnt  &om  him 
that  he  had  Arrived,  by  independent  Tesearcbes,  and  hj  the  study  of 
I  \iirge  collection  of  fossil  and  recent  shells,  at  very  similar  views  re- 
ipecting  the  urangement  of  tertiary  formations.  At  ray  request  he 
drew  np,  in  a  tabular  fortn,  lists  of  all  the  shells  known  to  him  to 
occur  both  in  some  tertiary  formation  and  in  a  living  state,  for  the 
eipress  parpose  of  ascertaining  the  proportional  number  of  fossil  spe- 
cies identical  with  the  recent  which  characterised  successive  groups; 
ud  this  table,  planned  by  us  in  common,  was  published  by  me  in 
1833.*  The  number  of  tertiary  fossil  shells  examined  by  M.  IJesbayes 
WS9  about  3O0O;  and  the  recent  species  with  which  tbey  had  been 
mnpared  about  5000.  The  result  then  arrived  at  was,  that  in  the 
lower  tertiary  atrat^  or  those  of  London  and  Paris,  there  were  about 
3^  per  cent,  of  species  identical  with  recent ;  in  the  middle  tertiary 
of  the  Loire  and  Gironde  about  17  percent;  and  in  the  upper  tertiary 
01  Subapennine  beds,  from  35  to  50  per  cent.  In  formations  still 
more  modem,  some  of  which  I  had  particularly  studied  in  Sicily, 
DJKre  tbey  attain  a  vast  thickness  and  elevation  above  the  sea,  the 
Diuiiber  of  species  identical  with  those  now  living  was  believed  to  be 
fmn  30  to  95  per  cent.  For  the  sake  of  clearness  and  brevity,  I 
proposed  to  give  short  technical  names  to  these  four  groups,  or  the 
periods  to  which  they  respectively  belonged.  I  called  the  first  or 
oldest  of  them  Eocene,  the  second  Miocene,  the  third  Older  Pliocene, 
ud  the  iMt  or  fourth  Newer  Pliocene.  The  first  of  the  above  terms, 
Eocene,  is  derived  from  qwc,  eos,  daicn,  and  xairot,  cainos,  recent, 
t^cause  the  fossil  shells  of  this  period  contain  an  extremely  small 
proportion  of  living  species,  which  maybe  looked  upon  as  indicating 
lbs  dawn  of  the  existing  state  of  the  testaceous  fauna,  no  recent 
'pecies  having  been  detected  in  the  older  or  secondary  rocks. 

The  term  Miocene  (from  fittor,  melon,  lets,  and  xaiyos,  cainos, 
rfeat)  is  intended  to  express  a  minor  proportion  of  recent  species 
(of  lestacea),  the  term  Pliocene  (from  rXtiov,  pleion,  more,  and  raivof, 
WL.06,  reeetit)  a  comparative  plurality  of  the  same.  It  may  assist 
Itie  memory  of  students  to  remind  them,  that  the  jViocene  contain  a 
*nior  proportion,  and  /Tiocene  a  comparative  p/urality  of  recent 
species;  and  that  the  greater  number  of  recent  species  always  implies 
tbe  more  modem  nigin  of  the  strata. 

It  has  sometimes  been  objected  to  this  nomenclature  that  certain 
■pecies  of  infusoria  found  in  the  chalk  are  still  existing,  and,  on  the 
other  hand,  the  Miocene  and  Older  Pliocene  deposits  often  contain 
the  remains  of  mammalia,  reptiles,  and  fish,  exclusively  of  extinct 
species.  But  the  reader  must  bear  in  mind  that  the  terms  Eocene, 
Miocene,  and  Pliocene  were  originally  invented  with  reference  purely 

■  S«e  Principki  of  G«olog7,  toL  tiL  IM  ed. 


188  NEWER    PLIOCENE    BEDS    OF    I3CHIA,  [Cb.  XIIL 

tn  coDchological  datn,  and  in  that  sense  have  always  been  and  are 
still  used  by  me. 

The  distribution  of  the  fossil  species  from  which  the  results  before 
mentioned  were  obtained  in  1830  by  M.  Deabayes  was  ae  follows  : — 

In  the  farmstioaB  of  the  Fliocene  peiiodB,  older  and  newer   '      777 
In  the  Miocene  (apper  or  Falanwn)  ...    ]oai 

In  the  Eocene  (iocloding  iha  Qria  da  FonMinebleao)  •     1238 


Since  the  year  1830,  the  number  of  new  living  species  obtained 
from  different  parts  of  the  globe  has  been  exceedingly  great,  supply- 
ing fresh  data  for  comparison,  and  enabling  the  paleontologist  to 
correct  many  erroneous  identifications  of  fossil  and  recent  forms.  New 
epecies  also  have  been  collected  in  abundance  from  tertiary  formations 
of  every  age,  while  newly  discovered  groups  of  strata  have  filled  up 
gaps  in  the  previously  known  series.  Hence  modifications  and  re- 
forms have  been  called  for  in  the  classification  first  proposed.  The 
Eocene,  Miocene,  and  Pliocene  periods  have  been  made  to  compre- 
hend certtun  seta  of  strata  of  which  the  fossils  do  not  always  conform 
strictly  in  the  proportion  of  recent  to  extinct  species  with  the  defini- 
tions first  given  by  me,  or  which  are  implied  in  the  etrfmoiogy  of 
those  terms.  Of  these  and  other  innovations  I  shall  treat  more  fully 
in  the  fourteenth  and  fifteenth  chapters. 

Newer  Pliocene — Isckia. — We  have  already  seen,  page  108.,  that 
in  the  neighbourhood  of  Naples  there  are  stratified  tuffs  containing 
a  large  number  of  fossil  shells  agreeing  specifically  with  those  now 
living  in  the  Mediterranean.  Of  an  age  immediately  antecedent  to 
those  Post-pliocene  formations  are  the  volcanic  tuffs  of  the  neigh- 
bouring island  of  Ischia,  some  of  them  rising  in  the  summit  of  Santa 
Nicola  or  Monte  Epomeo  to  the  height  of  2605  feet  above  the  sea. 
I  stated  in  the  first  editions  of  the  "  Principles  of  Geoli^y  "  •  that  in 
1828  I  had  procured  many  fossil  shells  from  near  the  village  of 
Moropano,  at  an  elevation  of  2000  feet  above  the  Mediterranean.  I 
have  since  found,  on  revisiting  Ischia,  that  the  spot  is  not  more  than 
1600  feet  high  ;  but  this  error  is  notof  geological  importance,  aa  the 
beds  are  admitted  to  form  a  part  of  the  same  greenish  and  blueieh 
marls  which  reach  the  top  of  Epomeo.  The  whole  of  the  fossil 
species,  28  in  number,  which  I  first  collected  there,  were  examined 
by  M.  Deshayes  and  recognized  by  him  as  all  now  living.  I  called 
them  Newer  Pliocene,  considedng  them  of  much  more  modern  date 
than  tbe  Subapennine  strata f,  to  which  Signer  Spada  Lavini  pro- 
posed, in  1 853,  to  refer  them.  He  seems  to  have  adopted  this  opinion, 
because  among  a  larger  number  of  fossils  obtained  from  these  beds 
in  Ischia,  Bueeinum  temistritUum  and  Murex  voffinatut  (see  fig.  141.) 
had  been  found.  Both  of  these  shells  were  supposed  to  he  extinct ; 
but  although  this  is  true  of  the  first,  which  b  a  common  Sub^tennine 
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abelt,  it  is  not  so  of  the  other,  for  the  Murex  atill  lives  in  the 
Me^ilerraneaii,  though  rare*,  and  recent  Bpecimens  of  it  may  be 
eeen  ia  Mr.  Cnming'B  collection  in  London,  from  which  the  an- 
Qeied  figure  \b  taken.  Several  Italian  geologists,  who  had  not  ex- 
UDiaed  Ischia,  hastily  adopted  the   classification  fue-hi 

of  Sifcnor  Spada  ;  but  M.  Paggaard,  who  was  well 
uquiinted  with  the  island,  immediately  entered 
liig  protest  against  itf ;  and  there  can  be  no  donbt, 
from  the  general  character  of  the  organic  remains, 
tbai  the  mass  of  Epomeo  was  formed  beneath  the 
witera  of  the  sea  at  the  close  of  the  Newer  Pliocene 
period,  and  was  raised  to  a  height  of  2600  feet 
»bove  its  original  level  in  Post-pliocene  times. 

FoHviu*. — The  old  cone  of  Vesuvius,  or  Monte 
Somma,  is,  geologically  speaking,  so  modern  that  the 
eruption  by  which  it  was  formed  hurst  through  ma-       jiaru  ttftiuiiii, 
rineclaysand  tnffdof  thesameage  as  those  of  Ischia  ^^''^ 

above  mentioned.  Fr^ments  of  tuff  and  conglomerate  found  amongst 
the  ancient  ejectamenta,  and  constitating  part  of  the  strata  laid  open 
ID  the  ravine  called  Fobbo  Grande  and  in  the  Rivo  di  Quaglia,  the 
Utter  972  feet  high  above  the  sea,  have  supplied  Signer  Guiscardi  with 
too  shells,  among  which  one,  and  one  only,  namely,  Bueemum  lemi- 
itnattim,  before  dluded  to,  is  extinct  The  oldest  eru  ptions,  therefore, 
of  the  Campi  Phlegrtei,  or  volcanic  regions  of  Naples,  took  place  pre- 
cisely at  the  close  of  the  Newer  Pliocene  period,  when  about  one 
fbeU  only  in  a  handred  differed  from  those  now  living  in  theMedlter- 

Sieily,  Eattern  bate  of  Mount  Etna. — At  several  points  north 
of  Catania,  on  the  eastern  sea-coast  of  Sicily,  as  at  Aci-Castello, 
for  example,  Trezza,  and  Nizzeti,  inarine  strata,  associated  with  vol- 
canic tuffe  and  basaltic  lavas,  are  seen,  which  belong  to  a  period 
when  the  first  igneous  eruptions  of  Mount  Etna  were  taking  place 
in  a  shallow  bay  of  the  Mediterranean.  During  iny  first  visit  to 
Sicily  in  1828,  I  collected  sixty-five  species  of  shells  &om  these 
clays  and  sands,  which  may  he  said,  together  with  the  associated 
igneous  prodncts,  to  constitute  the  foundations  of  the  great  vol- 
ciDO.  With  the  help  of  M.  Deshayes,  I  was  enabled  to  publish  a 
list  of  their  names  },  showing  that  nearly  all  of  them  agreed  with 
species  noiv  inhabiting  the  adjoining  sea.  In  1857  and  1858,  when 
I  revisited  Sicily,  I  obtained,  through  thekindnessof  Dr.  Aradas,  of 
Catania,  a  much  larger  number  of  epecies  from  the  same  localities, 
vhich  confirmed  the  conclusions  formerly  arrived  at  as  to  the  age 
of  these  deposits.  Out  of  142  shells,  all  but  eleven  proved  to  be 
i<ientical  with  species  now  living.  Some  few  of  these  eleven  shells 
>a*y  poasibly  still  linger  in  the  depths  of  the  Mediterranean,  like 

'  LvcU  on  HoDDt  Etna,  FML  Trana ,  ses. ,  and  xt.  p.  363. 
H  JTs!,  1858.  f  PriDciplea  oT  Geology,  vol  iii.  Ap- 

t  Bulletin  delsSocGeol.  de  France,  pendix,  1833. 
^'1  li.,  3e  wtT.,  p.  73.,  and  torn.  xiiL  p. 
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Murex  vaginahu,  fig.  139.,  p.  189.  The  Ust-mentioned  shell  had 
Already  become  rare,  when  the  eub-Etneui  deposits  were  formed. 
On  the  whole,  the  modem  character  of  the  testaceous  Ikaiia  nader 
cousideratioQ  is  expressed  not  only  by  the  small  proportion  of  extinct 
speciei',  but  by  the  relative  number  of  individnals  by  which  most  of 
the  other  species  are  represented,  for  the  iH\)portian  agrees  with 
that  observed  in  the  present  fanna  of  the  Mediterranean.  The  only 
extinct  shell  which  can  be  sud  to  be  common  is  Bueeiiutm  temi- 
ttriatum  i  B.  tmuitmm  comes  next  in  abundance.  The  rarity  of  the 
Olher  nine  is  such  as  to  imply  that  they  were  already  on  the  point 
of  dying  out,  having  flourished  chiefly  in  the  ettrlier  Pliocene  times 
when  the  Subapennine  strata  were  in  progress. 

Yet  since  the  accumulation  of  these  Newer  Pliocene  sands  and 
clays,  the  whole  cone  of  Etna,  11,000  feet  in  height  and  about  ninety 
miles  in  circumference  at  its  base,  has  been  slowly  built  up;  an 
operation  requiring  many  tens  of  thousands  of  years  for  its  accom- 
plishment, and  to  estimate  the  magnitude  of  which  it  is  necessary  to 
study  in  detail  tlie  internal  structure  of  the  mountain,  and  to  see  the 
proo&  of  its  double  axis,  or  the  evidence  of  the  lavas  of  the  present 
great  centre  of  eruption  having  gradually  overwhelmed  ioA  en- 
veloped a  more  ancient  cone,  situated  3^  miles  to  the  east  of  the 
present  one.  We  ought  also  to  satisfy  ourselves,  as  we  may  easily 
do,  that  in  breadth  and  thickness  each  of  the  older  lavas  did  not 
exceed  in  their  average  volume  the  products  of  single  outpounngs 
of  historical  times.  In  speculating,  moreover,  on  the  lapse  of  bygone 
ages,  we  mast  take  into  account  the  different  dates  and  varying 
composition  of  the  dikes  up  which  the  lavas  poured,  whether  be- 
longing to  the  eastern  or  western  axis,  and  the  mannw  in  which 
one  set  of  dikes  cuts  through  an  older  one  ;  also,  the  vast  denu- 
dation to  which  the  Val  del  Bove,  or  deep  valley,  on  the  eastern 
flank  of  the  mountain  bears  testimony  j  and,  ls£tly,  the  gradual 
npheaval  above  the  level  of  the  sea  of  some  of  the  submarine  rocks 
first  formed)  and  the  origin  of  many  hundred  minor  cones,  the  result 
of  lateral  outbreaks  during  the  most  modem  phase  of  eruption. 
These  and  other  observations  must  be  made,  before  the  prodigious 
antiquity  of  the  Newer  Pliocene  marine  strata  above  described  can 
be  fiilly  appreciated.' 

It  appears  that  while  Etna  was  increasing  in  bulk  by  a  series  of 
eruptions,  its  whole  mass,  comprising  the  fuundatitms  of  subaqueous 
origin  above  alluded  to,  was  undergoing  a  slow  upheaval,  by  which 
those  marine  strata  were  raised  to  the  height  of  1200  feet  above  the 
sea,  as  seen  at  Catera,  and  perhaps  to  greater  heights,  for  we  cannot 
trace  their  extension  westward  owing  to  the  dense  and  continuous 
covering  of  modern  lava  under  which  they  are  buried.  During  the 
gradual  rise  of  these  Newer  Pliocene  formations  (consisting  of  clays, 
sands,  and  basalts),  other  strata  of  Post-pliocene  date,  marine  as  well 
as  flaviatile,  accumulated  round  the  base  of  the  mountain,  and  these, 
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ia  iheir  turn,  partook  of  the  upward  moTement,  ho  that  several 
mlud  cliffs  and  terraces  at  low  ieveta,  due  partl]r  to  the  action  of 
tlie  sea  and  partlj  to  the  river  Simeto,  originated  in  Buccessiou. 

Fossil  remaina  of  the  elephanl^  and  other  extinct  quadrupeds,  hare 
bees  found  in  these  Fost-pliocene  strata,  associated  with  recent  shells. 

Nttotr  Ptioeene  strata  of  Sicily. — There  is  probably  no  part  of 
Europe  where  the  Newer  Pliocene  formations  enter  bo  largely  into 
the  strnctare  of  the  earth's  crust,  or  rise  to  such  heights  above  the 
level  of  the  sea,  as  Sicily.  They  cover  nearly  half  the  island,  and 
near  its  centre,  at  Castrogiovanni,  reach  an  elevation  of  3000  feet. 
They  consist  principally  of  two  divisions,  the  upper  calcareous,  and 
the  bwer  argillaceous,  both  of  which  may  be  seen  at  Syracuse,  Gir> 
geoti,  and  CastrogtovannL 

According  to  Fhilippi,  to  whom  we  are  indebted  for  the  best 
account  of  the  tertiary  sheUs  of  this  island,  tbirtj-five  species  out 
of  one  hondred  and  twenty-four  obtained  fixan  tiie  beds  in  central 
Sicily  are  extinct 

A  geologist,  accustomed  to  see  nearly  all  the  Newer  Pliocene  for- 
mstioos  in  the  north  of  Europe  occupying  low  grounds  and  very 
incoherent  in  textnre,  is  naturally  surprised  to  behold  formations  of 
the  same  age  so  solid  and  stony,  of  such  thickness,  and  attaining  so 
great  an  elevation  above  the  level  of  the  sea. 

The  upper  or  calcareous  member  of  this  group  in  Sicily  consists 
in  some  places  of  a  yellowish- white  stone,  like  the  Calcaire  Grosaier 
of  Paris  ;  in  others,  of  a  rock  nearly  as  compact  as  marble.  Its  aggre- 
gkte  thickness  amoanta  sometimes  to  700  or  800  feet  It  usually 
occurs  in  regular  horizontal  beds,  and  is  occasionally  intersected  by 
deep  valleys,  such  as  those  of  Sortino  and  Fentalica,  in  which  are 
namerous  caverns.  The  fossils  are  in  every  stage  of  preservation, 
from  sheila  retMuing  portions  of  their  animal  matter  and  colour  to 
others  whidi  are  mere  casts. 

The  limestone  passes  downwards  into  a  sandstone  and  conglome- 
merate,  below  which  is  clay  aud  blue  marl,  like  that  of  the  Sub- 
spennine  hills,  from  which  perfect  shells  and  corals  may  be  dis- 
engaged.    The  clay  sometimes  alternates  with  yellow  sand. 

South  of  the  pUin  of  Catania  is  a  region  in  which  the  tertiary 
beds  are  intermixed  with  volcanic  matter,  which  has  been  for  the 
most  part  the  product  of  submarine  eruptions.  It  appears  that,  while 
(he  clay,  sand,  and  yellow  limestone  before  mentioned  wore  in  course 
of  deposition  at  the  bottom  of  the  sea,  volcanoes  hurst  out  beneath 
ilie  waters,  like  that  of  Graham  Island,  in  1831,  and  these  explosions 
recurred  again  and  again  at  distant  intervab  of  time.  Volcanic  ashes 
lod  sand  were  showered  down  and  spread  by  the  waves  and  currents 
w  as  to  form  strata  of  tuff,  which  are  found  intercalated  between 
beds  of  limestone  and  clay  containing  marine  shells,  the  thickness  of 
the  whole  mass  exceeding  2000  feet.  The  fissures  through  which  the 
lava  ro6e  may  be  seen  in  many  places  forming  what  are  called  diket. 
In  part  of  the  region  above  alluded  to,  as,  for  example  near  Lcn- 
titu,  a  conglomerate  occurs  in  which  I  observed  many  pebbles  of 
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volcanic  rocks  covered  hj  full-grown  ttrpula.  We  may  explain  the 
origin  of  these  hy  Bupposing  that  there  were  some  email  volc&nic 
isl&nds  which  may  have  been  destroyed  from  time  to  time  by  the 
waves,  as  Grahun  Island  has  been  swept  away  since  1831.  The 
rounded  blocks  and  pebbles  of  solid  volcanic  matter,  after  being  rolled 
for  a  time  on  the  beach  of  soch  temporary  islands,  were  carried  ftt 
length  into  some  tranquil  part  of  the  sea,  where  they  lay  for  years, 
while  the  marine  terpultB  adhered  to  them,  their  shells  growing  and 
covering  their  surface,  as  they  are  seen  adhering  to  the  shell  figured 
in  p.  22.  Finally,  the  bed  of  pebbles  was  itself  covered  with  strata 
of  shelly  limestone.  At  Vixsini,  a  town  not  many  miles  distant  lo 
the  SW.,  I  remarked  another  striking  proof  of  the  gradual  manner 
in  which  these  modem  rocks  were  formed,  and  the  long  intervals  of 
time  which  elapsed  between  the  poaring  out  of  distinct  sheets  of  lavSt 
a  bed  of  oysters  no  less  than  20  feet  in  thickness  rests  upon  a  cur- 
rent of  basaltic  lava.  The  oysters  are  perfectly  identiflabte  with  our 
common  eatable  species.  Upon  the  oyster-bed,  again,  is  superim- 
posed a  second  mass  of  lava,  together  with  tuff  or  peperino.  In  the 
midst  of  the  same  alternating  igneous  and  aqueous  formations  is  seen, 
near  Galieri,  not  far  from  Viszini,  a  horizontal  bed,  about  a  foot  and 
a  half  in  thickness,  composed  entirely  of  a  common  Mediterranoan 
coral  (Caryophj/llia  eaapitota.  Lam.).  These  corals  stand  erect  as 
tbey  grew  ;  and,  af\er  being  traced  for  hundreds  of  yards,  are  again 
found  at  a  corresponding  height  on  the  opposite  side  of  the  valley. 


'  0.  St«n  ivllh  yimng  i 

rldcef  of  (hf  main  branch  apt^eulii^DtrQu^  the  LivfllLi-  — - 

1. —  ___..__  ^1  tame,  prorin^.  tn  the  Inie^Tltf  of  111*  nuln  I 

d-  A  bruich.  hfttLni  M  ku  twH  uuMber  UteriJIj  upktrd  to  It.  4iid  two  j'oiiDf  unli  tt 

(.  A  nahi  brniidi.  wKb  ■  ruU-|iowD  UUrd  ooe. 
/.  A  perfect  termlnel  ttu- 

The  corals  are  usually  branched,  but  not  by  the  division  of  the 
animals,  as  some  have  supposed,  but  by  the  attachment  of  young  indi- 
viduals to  the  sides  of  the  older  ones ;  and  we  must  understand  this 
mode  of  increase,  in  order  to  appreciate  the  time  which  was  required 
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for  die  buildiDg  up  of  the  whole  bed  of  coral  during  the  growth  of 
maiif  euccessive  generatioua.* 

Among  the  other  foeeil  shells  met  with  in  these  Sicilian  strata, 
which  still  continue  to  abound  in  the  Mediterranean,  no  shell  is  more 
compicnous,  from  its  size  and  frequent  occurrence,  than  the  great 
K»iiop,Peclmjaeo&4au{6ee  fig.  143.),  now  so  common  iu  the  neigh- 
bonring  seas.  We  see  this  shell  in  the  calcareous  beds  at  Palermo 
in  great  numbers,  in  the  limestone  at  Girgenti,  and  in  that  which 
iliemates  with  volcanic  rocks  in  the  couutrjr  between  Syracuse  and 
Viuiui,  oAen  at  great  heights  above  the  sea. 


FtOtmJatotMV!  hull  utunl  liH 

The  more  we  reflect  on  the  preponderating  number  of  these  recent 
tbells,  the  more  we  are  surprised  at  the  great  thickness,  soliditj,  and 
keight  above  the  sea  of  the  rocky  masses  in  which  they  are  entombed, 
tnd  the  vast  amount  of  geographical  change  which  has  taken  place 
iiaee  their  origin.  It  must  be  remembered  that,  before  they  began 
U  emerge,  the  uppermost  strata  of  the  whole  must  have  been  de- 
poiiied  under  water.  In  order,  therefore,  to  form  a  just  conception 
of  (heir  antiquity,  we  must  first  examine  singly  the  innumerable 
minute  parts  of  which  the  whole  is  made  up,  the  successive  beds  of 
'bells,  corals,  volcanic  ashes,  conglomerates,  and  sheets  of  lava;  and 
«e  most  afterwards  contemplate  the  time  required  for  the  gradual 
upheaval  of  the  rocks,  and  the  excavation  of  the  valleys.  The  his- 
lerical  period  seems  scarcely  to  form  sn  appreciable  unit  in  this  com* 
potaiioo,  for  we  find  ancient  Greek  temples,  like  those  of  Girgenti 
'Agrigentum),  built  of  the  modem  limestone  of  which  we  are  speak- 
ing, and  resting  on  a  hill  composed  of  the  same  ;  the  site  having  re- 
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mftined  to  all  appearance  unaltered  since  the  Greeks  first  colonised 
the  bland. 

The  modem  geological  date  of  the  rocks  in  this  region  leads  to 
another  singular  and  unexpected  conclusion — namely,  that  the  fauna 
and  flora  of  a  large  part  of  Sicily  are  of  higher  antiquity  than  the 
country  itself,  bavingnot  only  flourished  before  the  lands  were  raised 
from  the  deep,  but  even  before  their  materials  vera  brought  together 
beneath  the  waters.  The  chain  of  reasoning  which  conducts  ns  to 
this  opinion  may  be  stated  in  a  few  words.  The  lai^r  part  of  the 
island  has  been  converted  from  sea  into  land  since  the  Mediterranean 
was  peopled  wiih  nearly  all  the  living  species  of  testacea  and  zoo- 
phytes. We  may  therefore  presume  that,  berora  this  region  emerged, 
the  same  laud  and  river  shells,  and  almost  all  the  same  animals  aa<l 
plants,  were  in  existence  which  now  people  Sicily ;  for  the  terrestrial 
faunn  and  flora  of  this  island  are  precisely  the  aame  as  that  of  other 
lands  surrounding  the  Mediterranean.  There  apitenr  to  be  no  peculiar 
or  indigenous  species,  and  those  which  are  now  established  there  must 
be  supposed  to  have  migrated  from  pre-existing  lauds,  just  as  the 
plants  and  animals  of  the  Neapolitan  territory  have  colonized  Moate 
Xuovo  since    that  volcanic  cone  was  thrown  up  in  the  sixt«eDth 

w  light  on  the  adaptation  of  the  atti-i- 
butes  and  raigratoryhabilB  of  animals  and  plants  to  the  cbsnges  which 
are  unceasingly  in  progress  in  the  physical  geography  of  the  globe. 
It  ia  clear  that  the  duration  of  ppecies  is  so  great,  that  they  are  des- 
tined to  outlive  many  important  revolutions  in  the  configuration  of 
the  earth's  surface;  and  hence  those  iunumerable  contrivances  for 
enabling  the  subjects  of  the  animal  and  vegetable  creation  to  extend 
their  range  ;  the  inhabitants  of  the  land  being  often  carried  across 
the  ocean,  and  the  aquatic  tribes  over  great  continental  spacer.  "  It 
is  obviously  expedient  that  the  terrestrial  andfluviatile  species  should 
not  only  be  fitted  for  the  rivers,  valleys,  plains,  and  mountains  which 
exist  at  the  era  of  their  creation,  but  for  others  that  are  destined  to 
be  formed  before  the  species  shall  become  extinct ;  and,  in  like  man- 
ner, the  marine  species  are  not  only  made  for  the  deep  and  shallow 
regions  of  the  ocean  existing  at  the  time  when  tliey  are  called  into 
being,  but  for  tracts  that  may  be  submerged  or  variously  altered  in 
depth  during  the  time  that  is  allotted  for  their  continaance  on  the 
globe."  • 

'The   thrM   last   pages,    on    "The  the  Geological  Evidences  of  tbe  An- 

Hewer  Pliocene  Strata  of  Sicilj,"  arc  liquity  of  Man,  I  hare  shown   (chapii. 

given  verbatim  at  the^  appeared  thiitj  sii.  to  kxit.)  that  Mr.  Darwin'i  (heorv 

years  ago  in  the  flnt  edition  of  the  Priti-  ofnatanlselection.  remoTes  manjof  thu 

eiplei  of  Qeolog/  (vol.  iiL  p.  1  IS.,  18-13).  principal  difficulties  which  itood  in  the 

The  lut  aeatence,  marked  with  ioTerted  way  of  lATDarckV  doctrine  of  transniD- 

commas,  was  couched  in  Ian  gunge  im-  lationt  and  had  I  iDGlined  a*  much  ia 

plying  mj  adherence  to  the  theory  that  1833  towards  embrscinf  Mr.  Dmrwin's 

each  apeciei  wai  originally  created  inch  views  ai  I  do  now,  I  sHoald  have  ex- 

a«  it  now  eiiBts,  and  was  incapable  of  prewed   myself   lomewhat    differently. 

varying  lo  as  to  pass  into  a  new  and  But  I  have  thonght  it  best  not  to  re-cait 

distinct  (pedes.    In  my  recent  work  on  a   passage  which   hu   beea   bO    often 
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StKer  FHocenetiralaofiAe  Upper  Vali^Amo. — When  we  ascend 
ibe  Arno  for  &bont  ten  milea  above  Florence,  w«  arrive  at  a  deep  nar- 
row Tilley  called  the  Upper  Val  d'Aroo,  which  appears  once  to  have 
lieeD  ■  lake  at  a  time  when  the  valley  below  Florence  was  an  arm  of  the 
e«t  The  horiiontal  lacustrine  BtrMaoflhis  upper  basin  are  12  miles 
long  nd  2  bread.  The  depression  which  they  fill  has  been  excavated 
out  of  Eocene  and  Cretaceoos  rocks,  which  form  everywhere  the  sides 
of  Ike  valley  in  highly  inclined  atratificatioik  The  thickness  of  the 
nore  modern  and  unconformable  beds  is  about  750  feet,  of  which  the 
i\^T  200  feet  consist  of  Newer  Plioceoe  strata,  while  the  lower  are 
Older  PKocene.  The  newer  series  are  made  up  of  sands  and  a  con- 
glomerate called  "  sansino."  Among  tbe  embedded  tbssil  mammalia 
ue  Shslodon  arvementit,  Elephas  meridionalis,  Rhtnocero*  elruteus, 
Bippopotantiu  major,  and  remains  of  tbe  genera  bear,  hyena,  and 

Id  the  same  upper  strata  are  found,  according  to  M.  Gaudin,  the 
inves  and  cones  of  GlyptoHrobut  europmiu,  a  plant  closely  allied  to 
G.  hterophtfUut,  now  inabiting  tbe  north  of  China  and  Japan.  This 
coDJIer  had  a  wide  range  in  time,  having  been  traced  back  to  the 
Lover  Miocene  strata  of  Switserland— and  being  common  at  CEningen 
ID  the  Upper  Miocene,  as  we  shall  see  in  the  sequel.  Chapter  XV. 

Xtvtr  Pliocene  Urata  ofEjtgland. — It  is  in  the  counties  of  Nor- 
Iblk,  Soffolk,  and  Essex,  that  we  obtain  our  most  valuable  information 
K^pectiog  the  British  Pliocene  strata,  whether  neweror  older.  They 
luve  obtained  in  those  counties  the  provincial  name  of  "Crag," 
ipplied  particularly  to  masses  of  shelly  sand  which  have  long  been 
used  in  agriculture  to  fertilise  soils  deficient  in  calcareous  matter. 

In  Suffi>lk  tbe  strata  so  named  are  divisible  into  the  Lower,  called 
tbe  White,  or  Coralline,  and  the  Upper,  or  the  Ked  Crag  ;  *  but  the  in- 
ferior division  occupies  a  very  limited  area,  and  the  Bed  Crag  usually 
reposes  directly  and  without  the  intervention  of  the  Coralline  on  older 
itrata,  as  in  Essex,  for  example,  where  the  relative  position  of  the 
Bed  Crag  to  the  London  Clay  (an  Eooene  deposit)  and  to  the  chalk 
ii  explained  in  the  accompanying  diagram.     Both  tbe  White  and  the 


Bed  Crag,  as  we  shall  see  in  the  sequel,  belong  to  tbe  Older  Pliocene 
period,  whereas  a  more  modern  deposit,  occurring  in  the  neighbour- 
hood of  Norwich,  is  referable  to  the  Newer  Pliocene.     It  consists  of 

(ltd.  both  bf  wriren  who  oppoatd  and  indeflnitaly  modlBed  in  their  orgaaiu- 

'pprored  of  ft.    Tbe  mun  proposition  t[oD  under  the  influence  of  new  con- 

*l>icfa   teemed   n   Maitling   ia    1B3S,  ditiatis  h)  the  animate  and  iDanimate 

Mnelj,  ttiat  tpccie*  in  general  may  worid. 

[*  (Jder  than  iha  laodi  and  seal  the/        *  See  paper  bjE.  Cbirlea worth,  Eiq.  i 

■''hilHl,  ii   now  the  creed   of  almiut  LondonandEd.  Fhil.Hag.,Ko.xx]tTiiu 

*^  geologUt,  whether  he  adopti  or  p.  81.,  Aug.  1835. 
■■iMi  the  tlKai7  that  ipccie*  ma/  be 


I,  L.OOgIc 


196  THE   KORWICH   CKAO.  [Cii.  XIII. 

beds  of  incoherent  sand,  loam,  and  gravel,  which  are  exposed  to  ?iew 
on  both  banks  of  the  Yare  near  Norwich.  As  they  contain  a  mixture 
of  marine,  land,  and  freshwater  shells,  with  ichthyoUles  and  bones  of 
mammalia,  it  ia  clear  that  these  beds  have  been  accumulated  W  the 
bottom  of  a  sea  near  the  mduth  of  a  river.  Thej  form  pstches 
varying  from  2  to  20  feet  in  thickness,  resting  on  white  ch^,  and 
are  covered  by  a  dense  mass  of  stratified  ilint-gravel.  The  surbce 
of  the  chalk  is  often  perforated  to  the  depth  of  several  inches  by  the 
I%>ku  critpata,  each  fossil  shell  still  remaining  at  the  bottom  of  its 
cylindrical  cavity,  now  filled  up  with  loose  eand  from  the  incumbent 
crag.  This  species  of  Fholas  still  exists,  and  drills  the  rocks  betweon 
'  high  and  low  water  on  the  British  coast.  The  most  common  shells 
of  these  strata,  such  as  Fvstu  itriatug,  F.  antiquai,  Turriiella  com- 
munis, Cardium  eduU,  and  Cyprina  itlandica,  are  now  abundant  is 
the  British  seas ;  but  with  them  are  some  extinct  species,  such  u 
Ntteuia  Cobboldia  (fig.  143.),  and  TeUina  obliqaa  (fig.  146.).  Xatka 
keticoides  (fig.  147.)  is  an  example  of  a  species  formerly  known  only 


AS  fossil,  but  which  has  now  been  found  living  in  our  seas ;  and  I  have 
recently  seen,  in  the  British  Museum,  a  living  shell  Stom  Vancouver's 
Island,  so  closely  allied  to  N.  Cohboldia,  that  it  would  be  considered 
by  many  as  merely  a  marked  variety  of  the  same  form. 

The  Norwich  Crag  is  seen  resting  on  chalk  in  the  sea  cliff  between 
Weybourne  and  Cromer,  and  is  found  at  many  points  to  the  westward 
in  the  interior.  The  only  place  where  beds  containing  the  peculiar 
shells  of  this  formation  have  been  found  directly  overlying  the  Bed 
Crag  is  at  Chillesford,  near  Orford  in  Suffolk ;  but  we  do  not  require 
the  evidence  of  direct  superposition  to  prove  that  the  Norwich  is  ■ 
much  newer  deposit  than  the  Bed  Crag,  since  the  proportion  of  recent 
to  extinct  species  is  so  much  greater  in  the  Norwich  beds,  amount- 
ing, according  to  the  latest  investigations,  to  89  per  cent^  whereas 
in  the  Red  Crag  it  does  not  exceed  60  per  cent. 

Among  the  accompanying  remains  of  mammalia  are  those  of  a 
Mastodon,  a  portion  of  the  upper  jawtKtne  with  a  tooth  having  been 
found  by  Mr.  Wigham  at  Postwick,  near  Norwich,  This  species 
has  also  been  found  in  the  Red  Crag,  both  at  Sutton  and  at  Felix- 
stow,  and  was  till  lately  regarded  as  an  Upper  Miocene  or  Fslunian 
species  ;  and  under  this  persuasion,  calling  it  M.  anguatident,  on  lb<' 
authority  of  Professor  Owen,  I  suggested  that  its  remains  might 
have  been  waslieJ  out  of  older  strata  into  the  Crag,just  as  wc  sooie- 
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times  observe  London  Clay  and  Chalk  fossila  introduced  Info  tlie 
(me  depwit.  But  Dr.  Falconer,  who  liaa  devoted  many  yeai's  to  the 
iWdy  of  the  fossil  and  recent  Proboscideans,  has  shown  that  the 
Ibisi'l  is  *  Pliocene  species,  first  obaerTod  in  Aovergne  by  MM.  Croiret 
*ni  Jobert,  and  named  by  them  Mastodon  arvernensu,    Cuvier  did 


>kli  Cnc  Pouvldi.  iltB  fftuDd  tai  Itid  Cnc.  •»  P-  Ml-)  >  (hlid  milk 
Dwur.  icH  WW  uiipn- ]■>  I  (TlBdlng  lurtut,  Dit.  iliB.    NasEi  Pliocene. 

But  idopt  this  name,  for  be  had  seen  bat  a  few  Bpecimena  from 
Agveipie,  and  be  confounded  them  with  3f.  an^iuAf/en*.  The  entire- 
i^lelon  of  both  these  Mastodons  having  now  been  obtained,  they  are 
toDiid  to  be  referable  to  two  distinct  snb-genera.  The  Crag  fossil 
b«loDp  to  the  Te'ralopAot/on  of  Falconer,  a  sub-genns  of  whichfive 
^f*Wt  ire  known,  so  called  because  there  are  four  ridges  in  the 
)*«ialtimate  tme  molar  as  well  as  in  the  two  teeth  which  are  placed 
immediately  before  it  in  both  jaws.  The  Mattodon  anguttidem,  on 
^  other  hand,  belongs,  with  six  other  species,  to  the  section  called 
'"^ModoH,  in  which  the  corresponding  teeth  have  each  three 
''igea  ;  and  is,  according  to  MM.  I^tet  and  Falconer,  characteristic 
of  the  Falnns  of  Toaraine,  ts  well  as  of  Sansan  at  the  foot  of  the 
^^renees,  and  several  other  Miocene  localities. 

The  Mattodon  arvenuTtsis,  says  Dr.  Falconer,  is  the  only  one  yet 
fonad  in  Engluid.  It  abounds  with  the  Hippopotamtu  major  in  the 
Piiocene  strata  of  the  Val  d'Amo,  as  well  as  in  strata  of  the  same 
^e  in  Piedmont  and  at  Montpellier.  It  may  be  considered,  there- 
fore, as  a  characteristic  Pliocene  species  in  Italy,  France,  and  Europe 
gfnenlly, 

Tbis  Mastodon  has  never  been  found  in  tbe  Cromer  Forest  bed 
kboTo  mentioned,  p.  160.,  bnt  several  of  the  mammalia  of  that  deposit, 
indoding  the  EUphat  meridionalit,  are  common  to  the  Xorwich  beds, 
uid  to  the  older  or  Bed  Crag.  As  to  the  Norwich  Crag,  it  is  now 
iKertained  that  it  contains  a  larger  proportion  of  living  as  compared 
<■>  eiiinct  shells  than  was  formerly  supposed  ;  for  many  of  the  lost 
'fKiea  once  referred  to  this  formation  are  worn  specimens,  few  in 
number,  and  evidently  washed  out  of  the  Red  Crag  into  the  newer 
:inia.    Others,  which  are  really  of  contemporary  date,  and  which 
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were  believed  to  hsve  died  out,  have  been  found  living  in  the 
BritisJi  seas,  whore  they  have  become  exceedingly  rare.  From  the 
lateet  researcbea  of  Mr.  S.  F.  Woodward,  it  seems  probable  that  the 
extinct  species  do  not  exceed  II  in  a  hundred. 

Chiiltiford  btda. — It  was  stated  that  at  Chillesford,  near  Wood- 
bridge  in  Suffolk,  the  Norwich  Crag  has  been  found  overlying  the 
Red  Crag.  In  thiti  case  tbe  Newer  Pliocene  beds  are  ai^illaceoue, 
and  about  20  feet  thick.  Messrs.  Frestwich  and  Searles  Wood  ob- 
tained from  them  23  species  of  shells,  of  which  2  only,  Nucida 
CobbolditB  and  Tellina  obliqua,  are  extinct.  Among  the  other,  or 
living  species,  a  large  proportion,  such  as  Leda  lanctolata,  Cardiui* 
granlandieum,  Lueina  boreaiit,  Cyprina  itlandiea,  Panopma  norvt- 
ffica,aniMya  ^runca  fa,  betray  aNorthem  and  some  of  them  an  Arctic 
character.  There  is  good  reason  to  believe  that  the  Chillesford  beds 
are  older  than  the  forest  bed  of  Cromer,  before  alluded  to ;  and  when 
we  consider  that  these  foBsils  occur  within  eigh^  miles  of  London,  in 
the  52nd  parallel  of  latitude,  we  see  in  them  a  proof  that  the  glacis! 
e]>och  began  before  the  end  of  the  Fost-pliocena  period.* 

Bridlington  bed». — At  Bridlington,  on  the  coast  of  Yorkshire, 
near  Flamborough  Head,  lat.  54°  N.,  another  deposit  occurs  of  aboul 
tl)e  same  age  as  the  Chillesford  beds,  and  therefore  older  than  the 
Cromer  Forest,  though  aomewhnt  newer  than  the  Norwich  Crag  be- 
fore described,  for  it  contains  a  still  latter  proportion  of  recent  shells. 
The  deposit  is  heterogeneous  in  composition,  consisting  of  sand  and 
clay,  with  pebbles  of  various  rocks,  chalk  and  flint  beiog  tbe  mwt 
abundant.  The  prevailiog  colour  resembles  that  of  London  Clay. 
Mr.  S.  P.  Woodward  has  lately  been  able  to  add  32  new  species  lo 
the  fossils  of  this  formation  by  studj'ing  the  collections  of  Mesar^. 
Bean  and  Leckenley  at  Scarborough,  bringing  up  the  total  number  to 
64,  of  which  4  only  are  extinctf,  namely,  Natica  occluia,  Cardiia 
analU,  Nvcula  Cobboldiee,  and  7W/tna  obUqua,  giving  a  proportion 
of  only  6  per  cent,  of  extinct  species  instead  of  1 1,  as  in  the  Norwich 
beds  on  the  Yare.  Of  the  whole  64  shells,  36  are  common  to  tbe 
Norwich  Crag  proper,  and  12  are  peculiar  to  Bridlington,  or  were  not 
previously  known  in  any  pliocene  or  glacial  depoaits  in  Great  Britain. 
What  is  most  remarkable  is  the  fact,  that  of  the  60  species  which 
rerasin  after  abstracting  the  extinct  forms,  no  less  thaa  30  are  io- 
habitants  of  the  Arctic  regions,  none  of  them  extending  southwards 
to  the  British  seas.  This  is  the  more  singular  when  we  consider  thai 
Bridlington  is  situated  in  lat.  54°  N.  It  will  be  seen  in  tbe  next 
chapter  that  the  cold  came  on  gradually,  beginning  when  tbe  While 
Crag  was  formed,  and  increasing  in  the  period  of  the  Sed  Crag,  and 
still  more  in  that  of  the  Norwich  formation,  during  which  there  may 
have  been  several  oscillations  of  temperature.  The  r^frigeratiou 
seems  to  have  reached  its  maximum,  and  to  have  been  developed 
most  extensively  in  Europe  in  Post-pliocene  times.   It  OMy,  no  doubt, 

•  Antiqaltf  oT  Man,  bj  ths  Aatbor,        \  G«oI.  Hug.,  Aug.  IS64. 
p.3li. 
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be  Slid  that  the  shells  of  Moel  Tryfaen  above  mentioned,  found  at  a 
height  of  nearly  1400  feet  above  the  sea,  and  in  Ist.  53°  N.,or  nearly 
the  Mme  aa  that  of  Bridlington,  do  not  imply  eo  great  a  cold  as  the 
lilter,  u  they  only  contain  11  sheila  in  54  of  esclasively  Arctic  cha- 
ncier, or  only  one-fifth  of  the  whole  number  of  species,  instead  of 
Hsriy  half,  aa  in  the  case  of  Bridlington.  But  the  fauna  of  Moel 
Trytaen  does  not  illustrate  the  extreme  cold  of  the  glacial  period 
lika  the  beds  of  Errol  and  Elie,  on  the  borders  of  the  Tay  and  Forth. 
(See  p.  153.) 

OLDBR  FLIOCBNE   STBATA. 

Bed  Crag  of  Suffolk The  Cri^  of  Suffolk,  as  already  mentioned, 

ii  divisible  into  the  Upper  or  Red,  and  the  Lower  or  White  Crag.* 

These  deposits,  according  to  the  late  E.  Forbes,  appear  by  their 
embedded  shells  to  have  been  formed  in  a  sea  of  moderate  depth, 
Djually  from  15  to  25  fathoms,  but  in  some  few  spots  perhaps  deeper. 
Vet  they  cannot  be  called  littoral,  because  the  fauna  is  such  as  may 
li»Te  extended  40  or  50  miles  from  land.  The  Upper  or  Red  Crag 
consists  chiefly  of  quartzose  sand,  with  an  occasional  intermixture  of 
^bells,  for  the  moat  part  rolled,  and  sometimes  comminuted.  It  is 
dif  Linguished  by  the  deep  ferruginous  or  ochreoua  colour,  both  of  its 
'ands  and  sheila,  while  the  Older  Crag,  commonly  called  the  Coralline, 
Li  white.  Both  formations  are  of  moderate  thickness ;  the  Red  Crag 
rarely  exceeding  40,  and  tlie  Coralline  seldom  amounting  to  20  feet. 
Bat  their  ioaportance  is  not  to  be  estimated  by  the  density  of  the 
mus  of  strata  or  its  geographical  extent,  but  by  the  extraordinary 
tLthness  of  its  organic  remains,  belonging  to  a  very  peculiar  type, 
"bich.seems  to  characterize  the  state  of  the  living  creation  in  the 
north  of  Europe  during  the  Older  Pliocene  era. 

The  relative  position  of  the  Red  Crag  in  Essex  and  the  subjacent 
I^ndon  clay  and  chalk  has  been  already  pointed  out  (fig,  144.). 
IVhenever  the  two  divisions  are  met  with  in  the  same  district,  the 
Bed  Crag  lies  uppermost  j  and,  in  some  cases,  as  in  the  section  repre- 
H^nied  in  fig.  149.,  which  I  had  an  opportunity  of  seeing  exposed  to 


TiewmI839,  it  is  clear  that  the  older  or  Coralline  mass  bhoA  suffered 
domdation,  before  the  newer  formation  a  was  thrown  down  upon  it. 
At  D  there  is  not  only  a  distinct  cliff,  8  or  10  feet  high,  of  Coralline 
Crag,  running  in  a  direction  N.£.  and  S.W.,  against  which  the  Red 
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Crag  abuts  with  ite  horiionMl  layers  (  but  this  cliff  occasionally 
overhaDgs.  The  rock  composing  it  is  drilled  everywhere  hy  PAo- 
ladet,  the  holes  which  they  perforated  having  been  afterwarde  filled 
with  sand  and  covered  over  when  the  newer  beds  were  thrown  down- 
As  the  older  formation  is  shown  by  its  fossils  to  have  accumulated 
in  a  deeper  sea  (15,  and  sometimes  25,  fathoms  deep  or  more),  there 
mnst  no  doubt  have  been  an  upheaval  of  the  seB-bottom  before  the 
cliff  here  alluded  to  was  shaped  out.  We  may  also  conclude  that  so 
great  an  amount  of  denudation  could  scarcely  take  place,  iu  such  in- 
coherent materials,  without  many  of  the  fossils  of  the  inferior  beds 
becoming  mixed  np  with  the  overlying  crag,  so  that  considerable 
difficulty  must  be  occasionally  experienced  by  the  paleontologists  io 
deciding  which  species  belong  severally  to  each  group. 

The  Red  Crag  being  formed  in  a  shallower  sea,  often  resembles  in 
structure  a  shilling  sandbank,  its  layers  being  inclined  diagonally, 
and  the  planes  of  stratification  being  sometimes  directed  in  the  same 
quarry  to  the  four  cardinal  points  of  the  compass,  as  at  Butley.  That 
in  this  and  many  other  localities,  such  a  structure  is  not  deceptive 
or  due  to  any  subsequent  concretionary  rearrangement  of  particles, 
or  to  mere  lines  of  colour,  is  proved  by  each  bed  being  made  up  of 
fiat  pieces  of  shell  which  lie  parallel  to  the  planes  of  the  smaller 
strata. 

Some  fossils  which  are  very  abundant  in  the  Red  Crag,  have  never 
been  found  in  the  white  or  coralline  division  ;  as,  for  example,  the 
FusuM  eontrarius  (fig.  150.),  and  several  species  of  Murez  and 
Baccinum  (or  JViuta)  (see  £gs.  151,  16^.),  which  two  genera  seem 
wanting  in  the  Lower  Crag. 

Flf.  IMk  FawllichinelnlillcofUiaRailCng. 


tif.  IS3. 
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Fit.  IW.  hiir  ut.  •!»  i  lb<  othm  ul.  Kik. 

Many  of  these  shells  are  found  in  a  good  state  of  preservation  in 
the  cliffs  of  Walloa-oa-Nase,  in  Essex ;  at  Felixstow  the  cliffs  afford 
fewer  shells,  and  inostof  them  are  fragmentary. 

Among  the  bones  and  teeth  of  fishes  are  those  of  large  sharks 
(  CareAarodon),  and  a  gigantic  skate  of  the  extinct  genus  Myliobates, 
and  many  other  forms,  some  common  to  our  seas,  and  many  foreign 
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to  them.  It  is  qaestionable,  howerer,  whether  all  these  cnn  really 
be  tscribed  to  the  era  of  the  Red  Crag.  Not  a  few  of  them  mny 
posaibly  have  been  derived  from  older  strata,  especiallj  from  those 
Lower  Miocene  formations  to  be  described  in  the  next  chapter,  which 
kre  largely  developed  in  Belgium,  and  of  which  a  fragment  only 
(the  Hempstead  beds  of  Forbes)  escaped  denudation  in  England. 

Many  of  the  fossils  found  in  the  Red  Crag  have  been  washed  out 
of  older  Tertiary  strata,  especially  oat  of  the  Loudon  Clay.  This  is 
particalarly  the  case  in  one  of  the  lower  beds,  which  has  of  late  been 
mnoh  uaed  in  agriculture  for  manure,  as  containing  nodules  of 
phoiphate  of  lime.  These  nodules  of^n  include  crabs  and  fishes 
like  those  of  the  London  Clay,  and  thus  clearly  betray  the  date 
of  their  origin.  With  the  nodules  (in  which  there  ia  nearly  60  per 
wdL  of  phosphate  of  lime),  occur  rolled  flint  pebbles,  and  others  of 
sandstone,  containing  casts  of  crag-sbells  and  many  ear-bones  of 
whales.  Some  teeth  of  the  Mastodon  arvernetuis,  and  of  a  rlii- 
Doceros  and  tapir,  have  also  been  found  in  the  same  bed,  which  has 
been  worked  near  Felizstow  among  other  places.  As  to  the  ear-bones 
of  cetacea.  Professor  Henslow  found  those  of  two  or  three  distinct 
species  in  this  detrital  bed  at  Felixstow.  They  belong,  according 
to  Professor  Owen,  to  true  whales  of  the  family  Balanidee  (fig.- 154.). 
Mr.  Wood  ia  of  opinion  that  they  are  of  the  age  of  the  Bed  Cra^, 
or  if  not  that  they  may  be  derived 
from  the  destruction  of  beds  of  Coralline 

c»s. 

White  or  Coralline  Crag, — The  lower 
or  Coralline  Crag  is  of  very  limited  ex- 
tent, ranging  over  an  area  about  20  miles 
ia  length,  and  3  or  4  in  breadth,  between 

the  rivers  Aide  and  Stonr,  It  is  eene-  'ir™^>"«t«n«o(«u«i««.a»/ftM/B, 
rally  calcareous   and   marly  —  a  mass 

of  shells,  bryozoa*,  and  small  corals,  passing  occasionally  into  a  soft 
bnilding  stone.  At  Sudboum,  near  Orford,  where  it  assumes  this 
character,  are  large  quarries,  in  which  the  bottom  of  it  has  not  been 
reached  at  the  depth  of  50  feet.  At  some  places  in  the  neighbour- 
hood,  the  softer  mass  is  divided  by  thin  flags  of  hard  limestone,  and 
bryozoa  placed  in  the  upright  position  in  which  they  grew. 

From  tbe  abundance  of  these  bryozoa  or  coralloid  mollusca  the 
lowest  or  White  Crag  obtained  its  popular  name,  bat  true  corals,  as 
now  defined,  or  soantharia,  are  very  rare  in  this  formation. 

The  distinctness  of  the  fossils  of  the  Coralline  from  those  of  the 
R«d  Crag,  arises  in  part  from  their  higher  antiquity,  and,  in  some 

*  Ehranberg  proposed  in  1831    the  Tbe  tenn  Fah/xiMm,  tfnoKjmtMt  with 

lem  AyocnpM,  or "  fefaw-aninuU.*  for  Bryottmm,  wu,  it  seem^  propoMd  in 

itieoiolliueoworaaeidiaabniiofpoljp,  ISItO,  or  dte  year  before,!^  Mr.  J.  Y. 

dianeteTiied  bjr  having  too  raniinga  TbompioD,  bat  ia  leM  Ksnerall;  adopted. 

to  tbe  d^estive  sack,  ■■  in  Etchara,  llieaniinsli  of  tbeZaaNfAona  of  Uilne 

flntra,  Sttqura,  and  other  loophytei  Bdwaida  and  Haimg,  or  the  true  coral*, 

p^mlarljr  inclnded  in  tiw  «wal«.  bat  hsvo  only  one  opening  to  the  atomach, 
BOW  elsMed  bj  naturalisla  as  moUuica. 
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degree,  from  ft  difierence  in  the  geographical  conditions  of  the 
Bubniarlne  bottom.  The  prolific  growth  of  echini,  bryozoft,  and  a 
prodigious  variety  of  testacen,  impliea  a  region  of  deeper  and  more 
tritnqu  il  water  ;  whereas,  the  Red  Crag  may  hare  been  formed  af^r- 
wards  on  the  same  spot,  when  the  water  was  ehallower.  In  the 
menn  time  the  climate  became  decidedly  somewhat  cooler,  and  xome 
of  the  zoophytes  which  flourished  in  the  first  period  disappeared,  so 
tliat  the  fauna  of  the  Red  Crag  acquired  a  character  more  nearly  re- 
sembling that  of  our  norlhcrn  seas,  as  is  implied  by  the  large  de- 
velopment of  certain  Bections  of  the  genera  Futut,  Buecinum,  Pur- 
pura, and  Trochus,  proper  to  higher  latitudes,  and  which  are  wanting 
or  feebly  represented  in  the  inferior  crag. 

Some  of  the  corals  and  bryoioa  of  the  lower  crag  of  Sufiblk  belong 
to  genera  unknown  in  tlie  living  creation,  and  of  a  very  peculiar  struc- 
ture ;  as,  for  example,  that  represented  in  the  annexed  figure  (lo6.). 


wEdcurdl.     Tmmnj.TubMUpoTiilr.o 


which  is  one  of  several  species  having  a  globular  form.  Tlie  great 
number  and  variety  of  these  zoophytes  probably  indicate  an  equable 
climate,  free  from  intense  cold  in  winter.  On  the  other  hand,  that 
the  heat  was  never  excessive  is  confirmed  by  the  prevalence  of 
northern  forms  among  the  testacea,  such  aa  the  Glycimeris,  Cyprma, 
and  Astarte.  Of  tiie  genus  last  mentioned  {see  fig.  156.)  there  are 
about  fourteen  species,  many  of  them  being  rich  in  individuals  ;  and 


F  (Craalim,  Lam.) ;  ipeda  camnun  U  Upper  uid  Lowar  Cwmg, 

mkilre  j  Sfn.  J.tiparlita.  Has^Mln.  Con.  T.  Ml.  f.  S.)  1 1»f  TtrUblc  ip 
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ibere  is  an  absence  of  genera  peculiar  to  hot  climateB,  such  as  Conus, 
OltPa,  Stitra,  Fateiolaria,  CrattaUlla,  and  others.  The  cowries 
( CypTMx,  fig.  153.),  also,  are  small,  and  belong  to  a  section  (  Trwia) 
now  inhabiting  the  colder  regions.  A  lai^e  volute,  called  Valuta 
Lambtrti  (fig.  157.),  ma;  Eeem  aa  exception  ;  but  it  differs  in  form 
from  the  volutes  of  the  torrid  zone,  and  may,  like  the  living  Valuta 
MagtUaniea,  have  been  fitted  for  an  extra-tropical  climate. 

rst.m,  Fif.  iM.  Fi(.  i». 


a  of  a  species  of  Linguta  at  Sutton  (see  fig.  160.) 
is  worthy  of  remark,  as  these  Brackiopoda  seem  novr  confined  to 
more  equatorial  latitudes;  and  the  same  may  be  said  still  more 
decidedly  of  a  species  of  Pi/rula,  supposed  by  Mr.  Wood  to  be  iden- 
tical with  P.  reticulata  (fig.  158.),  now  living  in  the  Indian  Ocean. 
A  genns  also  of  echinoderms,  called  by  Professor  Forbes  Temnechitiui 
(fig.  159.),  is  peculiar  to  tbe  Red  sjad  Coralline  Crag  of  Suffolk.  The 
only  species  now  living  oceor  in  the  Indian  Ocean. 

One  of  the  most  interesting  conclusions  deduced  from  a  careful 
conparison  of  tbe  shells  of  these  British  Older  Pliocene  strata  and 
tbe  fauna  of  our  present  seas,  has  been  pointed  out  by  Professor  E. 
Forbes.  It  appears  that,  during  the  glacial  period,  a  period  inter- 
mediate, as  we  have  seen,  between  that  of  the  crag  and  our  own  time, 
miny  shells,  previously  established  in  the  temperate  zone,  retreated 
tonthwards  to  avoid  an  uncongenial  climate.  The  Professor  has 
given  a  list  of  fifty  shells  which  inhabited  the  British  seas  while  the 
Coralline  and  Red  Crag  were  forming,  and  which,  though  now  living 
in  oar  seas,  are  all  wanting  in  the  glacial  deposite.  They  must  there- 
fore, after  their  migration  to  the  south,  which  took  place  during  the 
glacial  period,  have  made  their  way  northwards  again.  In  corro- 
boration of  these  views,  it  is  stated  that  all  these  fifty  species  occnr 
foasil  in  the  Newer  Pliocene  strata  of  Sicily,  Southern  Italy,  and  the 
Grecian  Arcfaipelago,  where  they  may  have  enjoyed,  during  the  era 
of  floating  icebergs,  a  climate  resembling  that  now  prevailing  in 
higher  European  latitudes.* 

The  fallowing  tables  Lave  been  drawn  up  for  me  by  Mr.  Samuel 

•  E.  Forbes,  Mem.  Gool.  Snrrej"  Gt.  Brit,  voL  i.  p.386. 
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P.  Woodward,  ehowing  the  results  of  a  comparison  of  the  lists  of 
Crag  shells  described  hj  Mr.  Searles  Wood  ia  his  excellent  mono- 
graph on  the  foBsil  testacea  of  the  British  Pliocene  formations.  The 
list  of  the  Norwich  Crag  shells  has  been  corrected  and  enlarged  hy 
Mr.  Woodward  himself.  Thej  exhibit  clear  OTidence  of  a  gradual 
refrigeration  of  climate,  which  went  on  in  the  area  of  England  from 
the  time  of  the  older  to  that  of  the  most  modern  Pliocene  strata,  k 
refrigeration  which  had  already  been  inferred  from  an  examination 
of  the  Crag  shells  in  1846  by  the  late  Edward  Forbes.* 

Number  of  known  Species  of  Marine  Tetlaeea  in  ihe  three  Engluh 
Pliocene  DepoeiU,  called  the  Norwich,  the  Sed,  and  the  Coralline 
Cragt.\ 

Brachiopoda  .  -  .  .  ( 
ConchLfer*  -  -  -  -  210 
GuMropoda  ....     330 

Toul         -     436 

Distribution  o^  the  above  Mariiu  Tettaeea. 
Horwich  Crag  -       -    110— of whidi Man  peculiar. 


Species  eontnum  to  the 

Horvich  nad  Red  Crag,  and  not  \u  Conlline  -  -  49 

Norwivb  and  Coralline,  uld  not  In  Rud            -  -  9 

K«d  and  Cor&llliie,  and  not  in  Norwicb  '        -  -  108 

Norwich,  Red,  and  Coralline         -        -        -  •  3)^ 

Proportion  of  Recent  to  Extinct  Species. 

R««l.  Eillnct.  P«r.Miitic«  •(  Rceol. 

Norwich  Grig     -        -      9B  13                        89 

Red  Crag  •           -         -      181  87                           60 

CoralliDeCrl^    -        -     16S  133                        fil 

Recent  Species  not  living  now  in  Bridth  Seat. 

Noririch  Crag  -        -        ~        -       IS  (I 

RcdCrae         •        .        -        -      11  19 

ConUine  Crag .        -        -        .        1  98 

In  the  above  list  the  shells  of  the  Glacial  beds,  those,  for  example, 
of  the  Clyde,  Errol,  and  Elte,  and  Moel  Tryfaen  (pp.  153.  and  159.), 
and  other  British  deposits  newer  than  the  Norwich  Crag,  have  not 
been  included.  The  land  and  freshwater  shells  have  also  been  pnr- 
poaely  omitted,  as  well  as  some  London  Clay  shells,  and  others  ena- 
pocted  to  be  spurious. 

*  Mem.   of  QeoL   Sarrey,   London,        t  Theae  31  apeciea  mnit  be  added  to 

1846.  p.  391.  thenumb«n42.  3,  and  103,  mpectirel;. 

t  Tha3&  ibell*  pecnliar  Co  Bridling-  in  order  to  obtun  the  fUl  amomit  of 

ton  (p.  IBS.)  are   not  included  in  the  coaneii  ipedet  in  each  of  thoM  caaet. 
Norwich  Crag  ihellt  of  then  lablei. 
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Bf  far  tiie  greater  number  of  the  recent  marine  species  included 
in  these  tables  are  still  inhabitants  of  the  British  seas  ;  but  even 
these  differ  conBiderabl7  in  their  relative  abundance,  some  of  the 
commonest  of  the  Crag  shells  being  now  extremely  scarce ;  as,  for 
pumple,  BucciTmm  Dalei,  and  others,  rarelj  met  with  in  a  fossil 
Btite,  being  now  very  common,  as  Murex  erinaeeuM  and    Cardiant 

The  last  tftble  throws  light  on  a  marked  alteration  in  the  climate 
of  the  three  snccessive  periods.  It  will  be  seen  that  in  the  Coralline 
Cr*g  there  are  28  Southern  shells,  including  26  Mediterranean  and 
1  West  Indian  species  {Erato  Maugerue).  Of  these  only  13  occur 
in  the  Red  Crag,  associated  with  3  new  Southern  species,  while  the 
wh<de  of  them  disappear  from  the  Norwich  beds.  On  the  other 
hud,  the  Coralline  Crag  contains  only  2  shells  closely  related  to 
linag  Northern  forms,  namely,  Admele  and  Limopns ;  whereas,  in 
tiie  Red  Crag,  as  ctated  in  the  table,  there  are  11  Northern  spe- 
cies all  common  to  the  Norwich  Crag,  in  which  last  we  have  also 
4  additional  inhabitants  of  the  Arctic  regions ;  so  that  there  is 
good  evidence  of  a  continoal  refrigeration  of  climate  during  the 
Pliocene  period  in  Britain.  The  presence  of  these  Northern  shells 
cunot  be  explained  away  by  supposing  that  they  were  inhabitants 
of  the  deep  parts  of  the  sea  ;  for  some  of  them,  such  as  TelUna 
nkarea  {^T.  obliqua)  and  Atlarte  horealu,  occur  plentifully,  and 
nmetimes  with  the  valves  united  by  their  ligament,  in  company  with 
oiher  littoral  shells,  such  as  Mya  arenaria  and  Littorina  rudit,  and 
evidently  not  thrown  up  from  deep  water.  Yet  the  Northern 
character  of  the  Norwich  Crag  is  not  fully  shown  by  simply  saying 
that  it  contains  12  Northern  species.  It  is  the  predominance  of 
Krtain  genera  and  species,  such  as  Rhynekonella  ptitiacea,  TeHina 
cakarta,  Attarte  borealis,  Scalaria  grcenlandtea,  and  Futut  cart- 
'tatm,  which  satisfies  the  mind  of  a  conchologist  as  to  the  Arctic 
character  of  the  Norwich  Crag.  In  like  manner,  it  is  the  presence 
of  nch  genera  as  Pj/rula,  Columbella,  Tertbra,  Casiidaria,  I%}la- 
domga,  Lingula,  Ditcina,  and  others,  which  give  a  southern  aspect 
to  the  Coralline  Crag  shells. 

The  cold,  which  had  gone  on  increasing  from  the  time  of  the 
Coralline  to  that  of  the  Norwich  Crag,  continued,  though  not  perhaps 
vitboot  some  oscillations  of  temperatore,  to  become  more  and  more 
Kvere  after  the  accumulation  of  the  latter,  until  it  reached  its 
maximnm  !□  what  has  been  called  the  Glacial  epoch.  The  marine 
bona  of  this  last  period  contains,  both  in  Ireland  and  Scotland, 
nceot  species  of  mollusca  now  living  in  Greenland  and  other  seas 
far  north  of  the  areas  where  we  find  their  remains  in  a  fossil  state. 

Antwerp  Crag. — Strata  of  the  same  age  as  the  Red  aud  Coralline 
Crag  of  Suffolk  have  been  long  known  in  the  country  round  Antwerp 
ud  on  the  banks  of  the  Scheldt,  below  that  city.  More  than 
!W  species  of  testacea  had  been  collected  by  MM.  Do  Wael,  Nyst, 
ud  others,  when  I  visited  Antwerp  in  IS.")!,  of  which  two-thirds 
*ere  identified  with  Suffolk  fossils  by  Mr.  Wood.     Among  these  he 
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recc^nized  Lingula  DumorlUri  of  Nyst  (flg.  160.),  which  I  fouml 

in  abundance  in  nhat  was  called  by  M.  de  Wael  the  Middle  Crog. 

ISO.  More  than  ht^f  of  the  ahella  of  this  Antwerp 

deposit   agree  with  liring  species,   and  these 

§  belong   in    great   part   to   the    fauna    of   our 

Northern  eeas,  though  some  MediterraaeHn 
species  appear  among  them.  I  also  met  with 
numerous  cetac«an  bones  of  the  genera  Bala- 
nopttra  and  Zipkiut  in  the  Upper  Antwerp 
j.nmnfa  D<nm,Ti,tTi.  Njii.  Crng.  They  are  not  rolled,  as  if  washed  oui 
Antwtip  Kid  suff.^m  C[.g.  ^j  older  beds,  and  I  infer  that  the  animals  lo 
which  they  belonged  once  coexisted  in  the  same  sea  with  the  asso- 
ciated fossil  moUuBca." 

Three  divisions  of  the  Antwerp  Crag  have  been  recognized  by 
the  Belgian  geologists :  first,  the  Uppermost  or  Yellow  Crag,  in  whieli 
81  species  of  sheila  were  known  when  I  gave  a  list  of  them  in  lSo2; 
secondly,  the  Middle  Crag,  from  which  94  species  were  known ;  anil 
thirdly,  the  Lowest  or  Black  Crag,  fVom  which  65  shells  had  been 
obtained.  This  bed  derives  its  same  from  the  dark  colonr  of  mwt 
of  the  sand,  which  consists  of  green  grains  of  glauconite. 

There  can  be  no  doubt  that  the  two  6ret  formations  are  referable 
to  the  Older  Pliocene  period,  the  Yellow  Crag  containing  about  60 
per  cent  of  recent  species,  while  the  Middle  or  Grey  Crag  contains 
about  50  per  cent.  Their  close  connection  with  the  Red  and  Coral- 
line Crag  of  Suffolk  is  equally  clear,  for  in  a  list  of  52  ahells  from 
the  Upper  or  Yellow  Crag,  and  of  94  from  the  Middle  Crag,  there 
are  only  7  species  which  are  not  found  in  the  British  fonnations  of 
corresponding  age.  As  we  might  have  expected,  the  Upper  Antwerp 
Crag  agrees  more  with  the  Red  Ci'ag  of  England,  while  the  shells 
of  the  Kliddle  Antwerp  Crag  correspond  more  with  the  Older  or 
Coralline  group  of  Suffolk. 

But  when  we  come  to  the  Lowest  or  Black  Crag  we  are  beginning 
(o  pass  beyond  the  limits  of  the  Older  Pliocene  formations,  and  ap- 
proaching the  Miocene.  Only  two-thirds  of  the  shells  agree  with 
those  of  the  Coralline  Crag,  and  somewhat  less  than  half  of  the  fossil 
species  are  identifiable  with  species  still  living.  They  seem  to  form 
the  Grst  links  of  a  chain  of  passage  by  which  we  shall  in  time  be 
conducted  without  a  break  to  tliose  older  formations,  the  Upper 
Miocene  of  Belgium,  to  be  treated  of  in  the  next  chapter. 

Normandy. — I  observed  in  1840  a  small  patch  of  shells  correspond- 
ing to  those  of  the  Suffolk  Crag,  near  Valognea,  in  Normandy  ;  and 
there  is  a  depoeit  containing  similar  fossils  at  St.  George  Bohon,  and 
several  places  a  few  leagues  to  the  south  of  Carentan,  in  Xonnaudy  ; 
but  they  have  never  been  traced  farther  southwards. 

OLDKS  PLIOCENE   FORMATIONS  IN  ITALT. 

Subapennine  Urata. — The  Apennines,  it  is  well  knows,  are  com- 
posed chiefly  of  secondary  rocks,  forming  a  chain  which  branches  off 

*  LjeU  on  Belfiaa  TmiaiiM,  Qnut.  Jonin.  QeoL  Soc,  ISJS,  p.  ISS. 
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from  (he  Ligurian  Alps  and  passes  down  the  middle  of  the  Italian 
(■enJMDla.  At  the  foot  of  these  mountaioB,  on  the  side  both  of  the 
Adriatic  sod  the  Mediterranean,  are  found  a  series  of  tertiary  strata, 
■liich  ferm,  for  the  most  part,  s  line  of  low  hills  occupying  the  space 
between  the  older  chain  and  the  sea.  Brocchi,  as  we  hare  seen 
(p.lS2.),wBs  the  first  Italian  geologist  who  described  this  nfwer 
fninp  in  detail,  giving  it  the  name  of  the  Subapennine ;  and  he 
dused  ill  the  tertiary  strata  of  Italy,  from  Piedmont  to  Calabria,  a^ 
pirU  of  the  same  system.  Certain  mineral  characters,  he  observed, 
vere  common  to  the  whole  ;  for  the  strata  consist  generally  of  light 
broiTD  or  blue  marl,  covered  by  yellow  calcareous  sand  and  gravel. 
Tbere  sre  also,  he  added,  some  epecies  of  fossil  shells  which  are  found 
in  these  deposits  throaghout  the  whole  of  Italy. 

We  have  now,  however,  satisfactory  evidence  that  the  Subapennine 
Me  or  Brocchi,  although  chiefly  composed  of  Older  Pliocene  strata, 
belong  nevertheless,  in  part,  both  to  older  and  newer  members  of  the 
imikry  series.  The  strata,  for  example,  of  the  Superga,  near  Turin, 
■rt  Miocene  ;  those  of  Asti  and  Farma  Older  Pliocene,  as  is  the  blue 
marl  of  Sienna ;  while  the  shells  of  the  incumbent  yellow  sand  of  the 
Mine  territory  approach  more  nearly  to  the  recent  fauna  of  the  Medi- 
iwnnean,  and  may  be  Newer  Pliocene. 

We  have  seen  that  most  of  the  fossil  shells  of  the  Older  PHocene 
!ints  of  Suffolk  which  are  of  recent  species  are  identical  with 
iMttcea  now  living  in  British  seas,  yet  some  of  them  belong  to 
Medilemnean  species,  and  a  few  even  of  the  genera  are  those  of 
"armer  climfttes.  We  might  therefore  expect,  in  studying  the  fos- 
sil) of  corresponding  age  in  countries  bordering  the  Mediterranean, 
to  find  among  them  some  species  and  genera  of  warmer  latitudes. 
Accordingly,  in  the  marls  belonging  to  this  period  at  Asti,  Parma, 
Si'enni,  and  parta  of  the  Tuscan  and  Roman  territories,  we  observe 
lie  genera  Conut,  Cypraa,  Strombju,  Pyrula,  Milra,  Fascwlaria, 
Sigaretut,Delphinttla,AneHlarifiyOUva,  Terebellum,  Terebra,  Pema, 
Plkatula,  and  Corbin,  some  characteristic  of  tropical  seas,  others 
represented  by  species  more  numerous  or  of  lai^er  aiee  than  those 
uow  proper  to  the  Mediterranean. 

Tho  proportion  borne  by  tlie  recent  to  the  extinct  species  varies 
in  the  same  district,  as  Professor  Ponzi  pointed  out  to  me,  in  1857, 
in  the  neighbourhood  of  Rome,  according  to  the  place  in  the  series 
occupied  by  different  sets  of  superimposed  marls  and  sands. 

The  clawiflcation  of  these  several  members  of  the  Pliocene  period, 
and  (he  separation  of  them  from  the  Miocene,  is  a  task  the  accom- 
plishment of  which  will  tax  the  skill  and  industry  of  the  Italian 
geologists  for  many  years  to  come. 

I  have  already  alluded  to  the  Newer  Pliocene  deposits  of  the 
Lpper  Val  d'Arno  above  Florence,  and  stated  that  below  those  sands 
ud  conglomerates,  containing  the  remains  of  the  £/epA(Mntmi2io>ui/i> 
and  other  associated  quadrupeds,  lie  an  oldeir  horizontal  and  conform- 
able aeries  of  beds,  which  may  be  classed  as  Older  Pliocene.  They 
toDsist  of  blue  clays  with  some  subordinate  layers  of  lignite,  and 
exhibit  a  richer  flora  than  the  overlying  Newer  Pliocene  beds,  uid 
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one  receding  farther  from  the  existing  vegetation  of  Europe.  They 
also  comprise  more  species  common  to  the  antecedent  Miocene  period. 
Among  the  genera  of  flowei'ing  plants  M.  Gaudin  enumerates  Pinus, 
Glffploitrobur,  Taxodium,  Sequoia,  Hex,  Querciu,  /Vuntii,  Ftatauug, 
Atttui,  Ulmu»,  Ficus,  Laurua,  Ptrtea,  Oreodaphae  {fig.  161.),  Cinna- 
momum,  Caitia,  Acer,  Juglatu,  Betula,  Rhanmu*,  Carya,  Rhus, 
Smilax,  Sattafrat,  Psoralea,  and  some  others. 

This  assemblage  of  plants  indicates  a  warm  climate,  but  not  so 
subtropical  a  one  as  that  of  the  Upper  Miocene  period,  which  will 
presently  be  considered. 

M.  Gaudin,  jointly  with  the  Marquis  Stroczi,  has  thrown  mQch 
light  on  the  botany  of  beds  of  the  same  age  in  another  part  of  Tuscany 
ni  a  place  called  Montsjone,  between  the  rivers  Elsa  and  Evols, 
where,  among  other  plants,  is  found  the  Oreodaphne  Heerii,  Gaud. 
(Nue  fig.  161.]^  which  is  probably  only  a  variety  of  Oreodaphne/ceUn*, 


or  the  laurel  called  the  Til  in  Madeira,  where,  as  in  the  Canaries,  it 
constitutes  a  large  portion  of  the  native  woods,  but  cannot  now 
endure  the  climate  of  Europe.  In  the  fossil  epecimeus  the  same 
glands  or  protuberances  as  those  which  are  observed  in  the  axils  of. 
the  primary  veins  of  the  leaves  in  the  recent  Til  are  preserved.! 

Another  plant  also  indicating  a  wanner  climate  is  the  Liquidambar 
riiTopaam,  Brong,  {see  fig.  162,),  a  species  nearly  allied  to  L.  Ugm- 
cifluum,  L.,  which  fiourishes  in  most  places  in  the  Southern  States  of 
North  America,  on  the  borders  of  the  Gulf  of  Mexico. 

As  the  leaves  come  nearer  to  this  American  form,  while  the  fruit, 
according  to  Heer,  is  smaller  and  nearer  to  the  Syrian  Ligtiidatnbar 
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mtnlait,  the  fossil  may,  according  to  the  doatrine  of  tntDsmutatioii, 
hiTe  beea  (he  original  stock  from  which  both  have  diverged.  The 
JiTinese  Liqnidambar  is  very  distinct ;  the  fossil,  according  to 
Heer,  ranges  from  the  Older  Pliocene  to  the  Newer  Miocene,  but  the 
geoDt  has  now  disappeared  f^oin  Europe. 

The  Tuscan  blue  oarb  of  various  localities,  from  which  the  above- 
meDlioned  flora  was  obtained,  have  yielded  36  species  of  marine 
aolliuca,  in  which  16,  according  to  M.  Karl  Ma^er,  are  recent. 

Amio-Catpian  /ormationt. — This  name  has  been  given  by  Sir  R. 
Mnrchison  and  M.  de  Vemeuil  to  the  limestone  and  associated  sandy 
beds  of  brackish-water  origin,  which  have  been  traced  over  a  very 
eiteniive  area,  surrounding  the  Caspian,  Azof,  and  Aral  Seas,  and 
parts  of  the  northern  and  western  coasts  of  the  Block  Sea.  The 
foasil  shells  are  partly  freshwater,  as  Paladina,  Nerilina,  fcc.  and 
p»rllj  marine,  of  the  family  Cardiacim  and  MytUi,  The  species  are 
identical,  in  great  part,  with  those  now  inhabiting  the  Caspian ;  and 
'hen  not  living,  they  are  analogous  to  forms  now  found  in  the  inland 
f*M  of  Asia,  rather  than  to  oceanic  types.  The  limestone  rises  occa* 
siooally  to  the  height  of  several  hundred  feet  above  the  sea.  and  is 
supposed  to  indicate  the  former  existence  of  a  vast  inland  sheet  of 
lirsckish  water  as  large  as  the  Mediterranean,  or  larger. 

The  proportion  of  recent  species  agreeing  with  the  fauna  of  the 
Cupian  is  so  conaiderable,  as  to  leave  no  doubt  in  the  minds  of  the 
^KJogists  above  cited  that  this  rock,  also  called  by  them  the  "  Steppe 
Lime<tone,"  belongs  to  the  Pliocene  period,' 

•  G«ol  af  Busiia,  p.  273. 
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CHAPTEE  XIV. 

mOCBME  PEKIOD. 

TTppcr  liiocmc  ttrsU  of  Fnuice — Falani  of  Toanune — Depth  of  sea  and  Iktonl 
d)*i«eter  at  fuina— Tropiral  climate  implied  li;  tlie  leitacea — PropoitiMi  at 
recent  ipeciee  of  ihelii — falani  more  ancient  than  the  SofTolk  Crag— Vuittia 
of  Tolnta  Lamberti  peculiar  to  Falnns  and  to  Suffollc  Crag—The  u/t 
Specie*  are  common  to  more  than  one  geological  Feriod^LoireT  Miocene  Mratl 
of  France — Bemarks  on  clauification,  and  where  to  draw  the  line  of  eepantiea 
between  Miocene  and  Eocene  Itrala — Belattons  ofthe  Gr^  de  Fontaineblente 
ibe  EklnM  and  to  the  Calcaire  Orti<iier--Loirer  Miocene  itrai*  of  Cmbi) 
France — lA^aitrine  atrata  of  Anverfpie — Indntial  limeatone — Fonil  mamnalii 
of  the  Limagne  d'Aavergne— FreBhwater  strata  of  the  Canlal— lu  reaemUance 
in  tome  places  to  while  chalk  with  flints — -Proufs  of  gradual  deposition — Uiocene 
strata  of  Bordeaai  and  Sonth  of  France — Upper  Miocene  sirota  of  Gen— 
Dryopithecna— Belgian  and  British  Miocene  formattons — Edegham  bads  near 
Antwerp — Diest  sands  of  Belginm  and  eonlemporaneoos  iron-sands  of  Hetth 
Downs — Upper  Miocene  beds  of  Belgium  —  Bolderberg — Lower  MioceDe 
strata  of  Kle;n  Spawen— Hempelead  beds,  Isie  of  Wight— BuTe^  TrMej  Lig- 
nites in  DeTonshire— Isle  «f  Hall  Leaf-beds— Miocene  fbrmuioni  of  Genoan; 
— Majence  bs±in — Upper  Miocene  beds  of  Vienna  baain — Lower  Miocene  of 
Croatia — Fossil  Lej^doptera — Oligocene  etrata  of  Professor  Bajrjeh — Miocene 
smua  of  lialf. 


The  strata  which  we  meet  with  next  in  the  descending  order  we 
those  called  bj  mttii^  geologistB  "  Middle  Tertiitiy,"  fur  which  in  1833 
I  proposed  the  name  of  Miocene,  selecting  the  "  falnns  "  of  the  valle? 
of  the  Loire  in  France  aa  my  example  or  t^pe. 

I  shall  now  call  these  falunian  deposits  Upper  Miocene,  to  dietln- 
guish  them  from  others  to  which  the  name  of  Lower  Miocene  will  be 
given.  The  latter  were  classed  b^  me  in  former  editions  of  this  wori 
as  Upper  E^ocene,  and  the  reasons  which  have  induced  me  to  alter 
this  classification  will  be  fnlly  explwned  to  the  reader  in  this  and 
the  following  chapter.  The  term  "  faluns  "  is  given  proviDcinll;  hj 
French  agriculturists  to  shelly^  sand  and  marl  spread  over  the  laud  in 
Touraine,  just  as  the  "  crag  "  was  formerly  mnch  used  to  fertilise  the 
soil  in  Suffolk.  Isolated  masses  of  such  faluns  occur  from  near  XXf 
mouth  of  the  Loire,  in  the  neighbourhnod  of  Nantes,  to  as  Car  inland 
as  a  district  sonth  of  Tours.  The^  are  also  found  at  Pontlevoy,  on  the 
Cher,  abont  70  miles  above  the  junction  of  that  river  with  the  Lioii«, 
and  30  miles  8.E.  of  Tours.     Deposila  of  the  same  age  also  i^rpinr 
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under  new  mineral  conditions  near  the  towns  of  Dinan  and  Rennes, 
in  Brittany.  I  have  TiHited  all  the  localities  above  enumerate*!,  and 
found  tbe  beds  on  the  Loire  to  coasist  principally  of  sand  and  marl, 
in  which  are  shelb  and  corals,  some  entire,  some  rolled,  and  others  in 
miaole  fragments.  In  certain  districts,  as  at  Dou^  in  the  Department 
of  Ifaiae  and  Loire,  ten  miles  S.W.  of  Saumar,  they  form  a  soft 
building -stone,  chiefly  composed  of  an  i^gregate  of  broken  shellB, 
bfyoMo,  tonie,  and  echiuoderms,  united  by  a  c&lcareoQS  cement ; 
the  whole  mass  being  very  like  the  Coralline  Crag  near  Aldboroagh 
tod  Sndbowik  IB  Suffolk.  The  scattered  patches  of  falons  are  of 
slight  thickness,  rarely  exceeding  flfiy  feet;  and  between  tbe  district 
(tiled  Sofegne  and  tlie  sea  they  repose  on  a  great  variety  of  older 
Twkt;  being  seen  to  rest  successively  upon  gneiss,  clayslate,  rarious 
aecottdary  formations,  including  tbe  chalk ;  and,  lastly,  upon  tlie 
upper  freshwater  linwstone  of  the  Parisian  tertiary  series,  which,  as 
befure  mentioned  (p.  182,),  stretches  continuously  from  the  basin  of 
tbe  Seine  to  that  of  the  Loire. 

At  tome  points,  as  at  Lonans,  south  of  Tours,  the  shells  are  stained 
of  B  ferraginODS  colour,  not  unlike  that  ef  the  Red  Cn^  of  Suffolk. 
Hie  species  are,  for  the  most  part,  marine,  but  a  few  of  them  belong 
U)  land  and  fluviatile  genera.  Among  the  former,  Helix  turonemis 
(6g.45.  p.  30.)  is  the  moet  abundant.  Ke-  ^^-  'd- 

aains  of  terrestrial  quadrupeds  are  here 
snd  there  intermixed,  belonging  to  the  ge- 
nera Dinotherium  (fig.  162«.),  Mastodon, 
Khiooceros,  Hippopotamus,  Chteropola- 
mus,  Dichobane,  Deer,  and  others,  and 
these  are  accompanied  by  cetacea,  such 
«  the  XAinaniine,  Mcvse,  Sea-calf,  and 
Dolphin,  all  of  extinct  species. 

Profeasor  E.  Forbee,  after  studying  the 
fossil  testacea  which  I  obtained  from  these 
beds,  told  me  that  be  bad  no  doubt  that 

they  were  formed  partly  on  the  shore  DiMittrfuM  gt^Mfum.  jtmf. 
itidf  at  the  level  of  low  water,  and  partly  at  very  moderate  depths, 
aot  exceeding  ten  fathoms  below  that  level.  The  molluscous  fauna 
«f  the  "  falnns  "  is  on  the  whole  much  more  littoral  than  that  of  the 
Bed  aad  CorallinB  Oag  of  Suffolk,  and  implies  a  shallower  sea.  It 
it,  moreover,  contrasted  with  the  Suffolk  Crag  by  the  indications  it 
■ffords  of  an  extra- European  climate.  Thus  it  contains  seven  species 
of  Cfprtea,  some  lai^pr  than  any  existing  cowry  of  the  Mediterranean, 
^eTeral  species  of  Oliva,  AneUlaria,  MUra,  Ter^ra,  Pyrttia,  Fiu- 
ntilaria,  and  Conwi.  Of  the  cones  (here  are  no  less  than  eight 
iwciea,  some  very  large,  whereas  the  only  European  cone  is  of  di- 
■inative  size.  The  genus  Nerita,  and  many  others,  are  also  repre- 
smted  by  individuals  of  a  type  now  characteristic  of  equatorial  seas, 
ud  wholly  unlike  any  Uediterruiean  forma.  These  proofs  of  a  more 
elcTated  temperature  seem  to  imply  the  higher  antiquity  of  tbe  faluus 
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a-^  compared  with  the  Suffolk  Grog,  ftttd  are  in  perfect  (tccorduce 
vith  the  fact  of  tbe  smaller  proportion  of  t«8tacea  of  recent  epecies 
found  in  the  falung. 

Out  of  290  species  of  ehells,  collected  by  myself  in  1840  »t 
PontleToy,  Louans,  Bose^e,  and  other  villages  twenty  miles  soath  of 
Tours,  and  at  Savigne,  about  fifteen  miles  north-west  of  that  place, 
seventy-two  only  could  bo  identified  with  recent  species,  which  is  in 
the  proportion  of  twonty-five  per  cent.  A  lai^e  numbet'  of  the  290 
speeiee  are  common  to  all  the  localities,  those  peculiar  to  each  not 
lieing  more  BumeroUs  than  we  might  expect  to  find  in  different  buys 
of  the  same  sea. 

The  total  nnml^er  of  testaceoos  molluscs  from  the  faluns,  in  my 
jtossessien,  is  302,  of  which  forty-five  only  were  fonud  by  Mr.  Wood 
to  be  common  to  the  Suffolk  Crag.  The  nnmber  of  corals,  including 
f  iryozoa  aad  roantharia,  obtained  by  me  at  Dou^  and  other  localities 
before  adverted  to,  amounts  to  forty-three,  as  determined  by  Mr. 
Lonsdale,  of  which  seven  (one  of  them  a  xoantbarian)  agree  spe- 
cifically with  those  of  the  Suffolk  Crag.  Only  one  has,  bb  yet,  been 
identified  ivith  a  living  epecies.  But  it  is  difficult,  notn^thstanding 
the  advances  recently  made  by  MM.  Dana,  Milne  Edwards,  Bainte, 
and  Lonsdale,  to  institute  a  satisfactory  comparison  between  recent 
and  fossil  zoantharia  and  bryosoa.  Some  of  the  genera  occurring 
fossil  in  Tonrfune,  as  the  AUraa,  Dmdrophyliia,  Lumditet,  faave  not 
l>eeii  found  in  European  seas  north  of  the  Mediterranean  ;  neverthe- 
less the  Eoantharia  of  the  faluns  do  not  seem  to  indicate  on  the  whole 
so  w«na  a  climate  as  would  be  inferred  from  the  shells. 

It  was  stated  that,  on  comparing  about  300  species  of  Touraine 
sheila  with  about  450  from  the  Suffolk  Crag,  forty-five  only  were 
found  to  \t&  common  to  both,  which  is  in  the  proportion  of  only 
fifteen  per  cent.  The  same  small  amount  of  agreement  is  found  in 
the  corals  also.  I  formerly  endeavoured  to  reconcile  this  marked  dif- 
ference in  species  with  the  supposed  co-«x:ist«nce  of  the  two  faunae, 
by  imagining  them  to  have  severally  belonged  to  distinct  zoological 
provinces  or  two  seas,  the  one  opening  to  the  north,  and  the  other  V> 
the  south,  with  a  harrier  of  land  between  them,  like  the  Isthmus  of 
Suez,  separating  the  Bed  Sea  and  the  Mediterranean.  But  I  ao^ 
abandoB  that  idea  for  several  reasons  ;  among' others,  because  I  soc- 
ceeded  in  1S41  in  tracing  the  Crag  fauna  southwards  in  Normandy 
to  within  seventy  miles  of  the  Faluoiaa  type,  near  Dinan,  yet  fonnA 
that  both  assemblages  of  fossils  retained  their  dis^nctive  characters, 
showing  no  signs  of  any  blending  of  species  or  transition  of  climate. 

On  a  compariaoK  of  2S0  Mediterranean  shells  with  600  British 
species,  made  for  me  by  an  experienced  conchologist  in  1841,  160 
were  found  to  be  common  to  both  collections,  which  is  in  the  pro- 
portion of  fifty-seven  per  cent.,  a  fourfold  greater  specific  resemblance 
than  between  the  seas  of  the  crag  and  the  faluns,  notivithstanding 
tlie  greater  geographical  distance  between  England  and  the  Medi- 
terranean than  between  Suffolk  and  the  Loire.  The  principal 
grounds,  however,   for  referring  the   English    Cr^  to    the  Older 
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PliwwDG  ud  the  French  Uuns  to  the  Upper  Miocene  epochs,  conBiet 
in  the  predominance  of  foesil  sheila  in  the  British  strata  identifiable 
'ith  species,  not  only  still  living,  bat  which  are  now  inbabilants  of 
leighbooring  seas,  while  the  accompanying  extinct  species  are  of 
genera  saeb  u  characterize  Europe.  In  the  faluns,  on  the  contrary, 
the  recent  species  are  in  a  decided  minority  ;  and  most  of  them  are 
new  inttabitants  of  the  Mediterranean,  the  coast  of  Africa,  and  the 
iodiut  Ocean  ;  in  a  word,  less  northern  in  character  and  pointing 
10  the  prevalence  of  a  warmer  climate.  They  indicate  a  state  of 
■Uogs  receding  farther  from  the  present  condition  of  Central  Europe 
in  physical  geography  and  climate,  and  doubtless,  therefore,  reced- 
iii|  ftrdter  from  our  era  in  time. 

Among  the  conspicuous  shells  which  are  common  to  the  faluns  of 
the  Loire  and  the  Suffolk  Crag  is  the  Valuta  LamberH,  before  men- 
tioned, page  203.  All  the  specimens  of  this  shell  which  I  have  my- 
^  collected  in  Touraine  or  have  seen  in  museums  are  thicker  and 
Mtfier  than  British  individuals  of  the  same  species,  and  shorter  in 
proportion  to  tbeir  width,  and  have  the  folds  on  the  columella  less 
oblique,  as  represented  in  the  annexed  tigures. 


Mr.  Searles  Wood  has  fully  appreciated  these  constant  differences, 
bui  has,  I  think,  with  propriety  regarded  the  two  forms  aa  mere 
Tsrieties,  or  races  of  one  and  the  same  species.  It  is  remarkable, 
Wever,  tfaat  the  late  Atcide  d'Orbignj  *,  who  so  often  foanded 
'pecies  on  very  fine  distinctions,  should  have  coincided  in  this  view. 
Iimay.  I  tbink,  be  fairly  assumed  that  he  would  not  have  done  so 
bid  be  aot  imagined  the  Suffolk  Crag  to  be  identical  in  age  with 

*  A.  d'Orbignj,  Conn  Elemeotsire  de  Fal&>ntologie,  toL  ii.  pp.  793.  797.,  I8S2. 
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the  faluns  of  tbe  Loire,  not  being  aware  that  it  differed  in  so  misr 
important  respects,  especially  in  ita  approach  to  the  liring  iaana  of 
the  neighbouring  sea,  fr<»D  the  French  deposit.  He  was  one  of  those 
natnr^isla  who  advocated  the  doctrine  that  there  was  a  complete 
distinction  betveen  the  fossil  species  of  periods  standing  next  tc 
each  other  in  chronological  snccession.     Had  he  ranked  the  fsluns 
as  Miocene  and  tbe  crag  ol  Suffolk  as  Pliocene,  he  would  uot  have 
assimilated  two  forms  so  easily  distingnisbabte.  This  we  are  entitled 
to  infer  from  his  refusal  to  admit  the  specific  agreement  of  any 
tUanian  and  living  shells,  and,  what  is  still  more  remarkable,  his 
refusing  to  allow  the  existence  of  more  than  44  recent  species  out 
of  437  in  his  newer  or  Sabapennine  group.     He  divided  the  whole 
tertiary  series  into  five  stages,  each  supposed  to  mark  an  era  of 
repose  on  the  earth's  surface,  at  the  end  of  which  ail  tbe  living 
inhabitants  were  annihiiated  by  a  great  catastrophe,  tbe  earth  being 
afterwards  repeopled  with  a  new  set  of  forms.     Even  when  he  wis 
forced  to  admit  that  one  or  two  in  a  hundred  of  tbe  fossils  passed 
from  one  formation  to  another,  he  was  inclined  to  attribute  that 
small  amount  of  agreement  to  tbe  washing  of  dead  shells  from  older 
into  newer  strata.      This  doctrine  of  the  absolute  distinction  of 
species  in  formations  next  in  the  order  of  suGcession  would  scarcely 
be  worth  referring  to  now  that  it  is  so  generally  rejected  by  the  most  . 
experienced  geologists,  were  it  not  for  the  great  ingenuity  with 
which  some  of  its  advocates  have  defended  their  views.     When  the 
sheila  are  confesaedly  nndistanguishable,  it  has  sometimes  been  sug- 
gested, that  if  the  soft  parts  of  the  animals  bad  been  preserved,  they 
would  probably  have  been  found  to  differ.     On  the  other  hand,  it  i^ 
not  uninstrnctive  to  note  bow  easily  paleontologists  of  unquestion- 
able merit  can,  if  they  are  under  the  influence  of  a  theory,  aucb  b.% 
that  above  winded  to,  find  specific  distinctions  wherever  they  an 
wanted,  or,  on  the  other  hand,  pronounce  tbe  same  to  have  merely 
the  value  of  a  varie^. 

The  points  of  difference  expressed  ia  the  two  £gs.  162  b.  and  163. 
may  be  r^arded  by  the  same  voologist  as  mere  races  or  geographical 
varieties  so  long  as  both  are  believed  to  belong  to  tbe  same  precise 
era,  hut  they  will  take  the  rank  of  species  if  one  be  regarded  a^ 
Miocene  and  the  other  as  Pliocene.  Specimens  have  occasionally 
been  found  of  this  volute  in  the  CoraQine  Crsg  which  help  to  coaneci 
the  Tourwne  form  with  that  of  the  Ked  Crag,  but  it  often  happens  in 
analogous  cases  that  no  formation  of  intermediate  age  is  extant,  and 
then  all  intermediate  gradntioas,  all  evidence  (^  there  having  been  a 
passage  from  one  form  to  the  other,  and  of  both  baviog  had  a  com- 
mon descent,  may  be  lost.  Zoc^ogi^ta,  whether  they  adopt  or  reject 
the  theory  of  the  origin  of  species  by  tiatural  selection,  are  still  bound 
to  be  consistent  with  themselves  in  regard  to  the  amount  of  devia* 
tion  from  certain  types  which  shstl  be  deemed  sufficient  to  coostitaie 
a  specific  di&rence.  It  is  sufficiently  diffloalt  to  arrive  at  philo- 
sophical conclusions  when  the  characters  relied  on  are  strictly  tbw« 
of  tbe  external  forms  and  internal  peculiarities  of  individuals  t    but 
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when  oDce  onr  specific  determinmtions  sre  biused  bj  geolt^ical  or 
geognphicftl  considerations,  there  ia  an  end  of  all  reasonable  hope 
of  coming  to  consistent  results. 
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MmiarAt  on  elauification,  and  where  to  dram  the  lint  of  leparation 
bttaetn  Miocene  and  Eoeeite  ilraia. — The  marine  faluns  of  the  valley 
of  the  Loire  have  been  already  described  as  resting  in  some  places 
00  a  freshwater  tertiary  limestone,  fragments  of  which  have  been 
broken  off  and  rolled  on  the  shores  and  in  the  bed  of  the  Miocene 
sn.  Such  pebbles  are  frequent  at  Pontlevoj  on  the  Cher,  with 
hollows  drilled  in  them  in  which  the  perforating  marine  shells  of  the 
Falunian  period  still  remain.  Such  a  mode  of  superposition  implies 
■n  iotcrval  of  time  between  the  origin  of  the  freshwater  limestone 
sod  its  submergence  beneath  the  waters  of  the  Upper  Miocene  sea. 
The  limestone  in  question  forms  a  part  of  the  formation  called  the 
Culcaire  de  la  Beauce,  which  constitutes  a  large  tableland  between 
the  basins  of  the  Loire  and  the  Seine.  It  ia  associated  with  maris 
and  other  deposits,  such  as  may  have  been  formed  in  marshes  and 
shallow  lakes  in  the  newest  part  of  a  great  delta.  Beds  of  flint, 
continuous  or  in  nodules,  accumulated  in  these  lakes,  and  aquatic 
plants  called  Charm,  left  their  stems  and  seed-vessels  embedded  both 
in  the  marl  and  flint,  together  with  freshwat«r  and  land  shells.  Some 
of  [be  siliceous  rocks  of  this  formatiou  are  used  extensively  for  mill- 
stones. The  flat  summits  or  platforms  of  the  hilla  round  Paris,  and 
luge  areas  in  the  foreat  of  Pontainebleau,  as  well  as  the  Platean  de 
k  Beauce,  already  ulluded  to,  are  chiefly  composed  of  these  fresh- 
water strata.  Next  to  these  in  the  descending  order  are  marina 
Hands  and  sandstone,  commonly  called  the  Gr^s  de  Fontainebleau, 
(torn  which  a  considerable  number  of  shells,  very  distinct  from  those 
of  the  faluns,  have  been  obtained  at  Etampes,  south  of  Paris,  and  at 
Montmartre  and  other  hills  in  Paris  itself,  or  in  its  suburbs.  At 
the  bottom  of  these  sands  a  green  clay  occurs,  containing  a  small 
oyster,  Oitrea  cyatkula,  Lam.,  which,  although  of  slight  thickness,  is 
spread  over  a  wide  area.  Thia  clay  rests  immediately  on  the  Paris 
gvpsam,  or  that  series  of  beds  of  gypsum  and  gypseous  marl  from 
which  Cuvier  flrst  obtained  several  species  of  Paleotherium  and 
other  extinct  mammalia.*  At  this  point  the  majority  of  French 
geologbts  have  always  drawn  the  line  between  the  Middle  and 
Lower  Tertiary,  or  between  the  Miocene  and  Eocene  formations, 
regarding  the  Fontainebleau  sands  and  the  Ostrea  cyathula  clay  as 
ibe  base  of  the  Miocene,  and  the  gypsum  with  its  mammalia  as  the 
lop  of  the  Eocene  group.  From  that  method  of  classification  I 
fnrmerly  dissented,  agreeing  with  M.  Deshayes  that  the  fossils  of 
the  marine  sands  showed  a  much  greater  affinity  to  the  subjacent 
Eocene  formations  than  to  the  more  modem  faluns  of  Touraine.     In 
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his  classical  work  on  the  fossil  shells  of  die  environs  of  Paris  (1824— 
37)  he  had  described  tnenty-nine  species  from  the  Font&inebleau 
sands,  of  which  some  few  could  be  identified  with  fossils  belonging 
to  the  older  Cslcaire  Groasier,  whereas  no  one  of  them  was  common 
to  the  fnluna  oFTouraine.  He  also  insisted  on  the  general  aspect  or 
faciei  of  the  fauna  bearing  a  far  greater  resemblance  to  the  testaces 
of  the  older  or  Eocene  group  than  to  that  of  the  faluns. 

A  few  years  alter  the  publication  of  my  "  Principles  of  Geology  " 
(voliiiOin  1833,  the  directors  of  the  Government  Survey  of  France, 
MM.Dufr^noyand  E.de  Beaumont,  referred  the  Paris  gypsum  in  their 
geological  map  to  the  Eocene,  and  the  overlying  marine  sands  and 
Calcaire  de  la  Beauce  to  the  Miocene,  the  faluns  of  Touraine  being  re- 
garded by  them  as  constituting  an  upper  division  of  the  same  Miocene 
series.  M.  d'Archiac,  in  1639,  adopted  the  same  method;  and  M.  Alcide 
d'Orhigny,  in  his  Paleontology  in  1852,  classed  the  Gr^s  de  Fontaine- 
blean,  or  "  Sables  Sup^rieurs,'*  as  "  Falunien  A,"  and  the  faluns  of 
the  Loire  as  "Falunien  B,"  thus  giving  in  his  adhesion  to  the  same 
system  of  classification.  That  there  should  have  been  much  difier- 
ence  of  opinion  on  this  subject  was  very  natural,  for,  at  the  time 
when  I  first  took  part  in  tlie  controversy,  there  seemed  very  little 
prospect  of  bridging  over  the  wide  gap  between  the  two  formations 
which  it  was  thus  proposed  to  link  together  in  one  group.  In  1857, 
by  aid  of  a  railway  cutting  at  Etampes,  the  number  of  marine  shells 
derived  from  the  Fontaineblean  sands  was  suddenly  raised  from  29 
to  90  species.  _  The  new] y- discovered  fossils  furnished  arguments 
both  for  and  against  the  views  of  those  who  desired  to  refer  the  strata 
containing  them  to  the  Miocene  rather  than  to  the  Eocene  series. 
As  bearing  against  those  views,  may  be  mentioned  the  fact  that  none 
of  tlie  90  shells  agreed  with  species  proper  to  the  faluns  of  the  Loire, 
while  some  of  them  were  identical  with  Calcaire  Grossier  species. 
This  was  the  more  worthy  of  note  because  £tampes  is  within  seventv 
miles  of  Poutlevoy,  near  Blols,  and  not  more  than  100  miles  firom 
tSavign^  near  Toars,  two  localities  where  the  falunian  shells  are 
very  abundant  So  striking  a  difference  between  the  species  of  the 
valley  of  the  Loire  and  those  of  the  basin  of  the  Seine,  when  we 
consider  the  contiguity  of  the  spots  abovealluded  to,  could  not  be  the 
result  of  geographical  distribution  at  one  and  the  same  era,  but  must 
evidently  have  depended  on  a  great  diBereuce  in  the  age  of  the  de- 
posits.    It  marked  the  influence  of  Time,  and  not  of  Space. 

On  the  other  hand,  in  favour  of  grouping  the  Btampes  or  Fon- 
tainebleau  sands  with  the  newer  Falunian  rather  than  with  the  older 
Eocene  formations,  M.  Hebert  pointed  out  that  a  majority  of  the  90 
Etampes  and  Gr^s  de  Fontsinebleau  foSHils  agreed  specifically  with 
shells  which,  in  Belgium,  Mayence,  and  other  localities,  had  been 
shown  by  the  Ubonrs  of  MM.  Dumont,  Xyst,  De  Koninck,  oiid 
Bosquet  to  occupy  a  very  distinct  geological  position  above  the 
typical  Eocene  series  of  the  Paris  basin,  and  of  which  Mib  equiva- 
lents at  Mayence  bad  long  been  recognised  as  Miocene.  M.  Hubert 
alio  published,  in  IS55,  a  map  descriptive  of  the  areas  of  two  tertiary 
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leu,  which  incceeded  each  other  in  the  Paris  basin, — the  first  that 
of  the  Calcaire  Grosaier,  and  the  Becond  that  of  the  FontMuebleau 
Suda, — showing  how  marked  U  the  want  of  coiucidence  between 
tbem ;  t  fact  which  implies  the  occurrence  of  great  geographical 
changes  in  the  interval  of  time  between  the  two  eras  compared.  In 
ihe  explanation  of  his  map  he  gives  his  reasons  for  regarding  the 
zone  of  Ctrithium  ptieatum,  or  that  of  the  Fontainebleaa  Sands,  as 
ihe  most  conveaieiit  line  of  demarcation  between  Lower  nnd  Middle 
Tutiarj,  or  between  Eocene  and  Miocene.* 

When  I  was  Iiesitatiog  as  to  the  course  which  it  would  be  most 
expedient  to  take  in  drawing  the  line  between  Eocene  and  Miocene, 
H.  Lartet,  the  distinguished  French  zoologist,  whose  writings  on 
fouil  nuunmalia  are  of  such  acknowledged  value,  remarked  to  me 
that  although  the  fossil  testacea  of  the  Fontainebleaa  Sands  show  a 
preponderance  of  affinities  towards  an  Eocene  faana,  and  small  con- 
nection with  the  faluDs  of  Touraine,  jet,  on  the  other  hand,  the 
frt«hwater  "  Calcaire  de  la  Beaucc,"  immediatelj  overlying  the 
Pontoineblenn  Sands,  and  other  lacustrine  formations  in  Auvergne 
sod  Central  France,  as  well  as  the  fossiliferona  strata  of  the  Majence 
basin,  canaot  be  included  in  the  same  Eocene  sjstetn  without  doing 
vioience  to  paleontological  principles.  The  grouping  of  the  fossil 
mammalia,  he  observed,  becomes  less  natural  by  such  an  arrange- 
ment ;  for  not  only  many  genera,  but  even  some  species,  are  found 
on  both  sides  of  the  arbitrary  line  of  demarcation  thus  drawn  be- 
tween Eocene  and  Miocene.  The  genera  Dorcalheriam,  Caino- 
denMM,  AnekUkeriMM,  and  Tilanomy*,  for  example,'aDd  Rhinocrros 
meiritma  and  others,  would  thereby  be  made  common  to  Eocene  and 
Miocene, 

Other  arguments  drawn  from  fossil  botany  in  favour  of  uniting 
the  Gr^  de  Fontainebleau  and  Faluns  in  one  group  will  be  more 
fully  set  forth  in  the  next  chapter,  when  I  treat  of  the  tertiary  strata 
called  "  Molasse  "  in  Switzerland,  and  of  the  German  Brown  Coal. 

My  unwillingness  to  include  the  Fontainebleau  Sands  and  other 
strata  of  the  same  age  in  the  Miocene  Epoch  aroee  partly  from  the 
neceuity  thereby  incurred  of  abandoning  for  such  deposits  the  defi- 
nition which  I  had  already  given  of  the  term  Miocene  as  imply- 
ing that  a  marked  proportion,  though  a  minority,  of  the  fossil  shells 
belong  to  living  species.  I  had  felt  myself  obliged,  even  in  m33,  to 
disregard  this  difficulty,  when,  in  the  first  edition  of  the  "  Principles 
of  Geology,"  I  classed  the  strata  of  the  Mayence  basin  as  Miocene, 
ronceiving  that,  although  almost  every  species  of  shell  was  extinct^ 
tbey  had  more  affinity  with  the  Falunian  than  with  the  Eocene  for- 
mationii.  From  the  first  I  Jiad  advocated  the  doctrine  that  there  has 
been  a  continual  coming  in. of  new  species,  and  dying  out  of  old  ones, 
and  a  gradual  change  in  the  physical  geography  and  climate  of  the 
Mrth,and  not  such  a  recurrenceof  sudden  revolutions  in  the  animate 
and  ioanimale  worlds,  as  was,  in  1S33,  insisted  upon  by  many  Englibb 

•  Bollctia,  less,  tOB.  xu.  p.  Tea. 
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geologists  of  QoM,  and  ia  etiU  maintained  bj  some  eminent  con- 
tinental vriters.  I  therefore  foretold  that  from  time  to  time  new 
seta  of  strata  would  come  to  light,  and  require  to  be  intercalated 
between  those  already  described,  in  which  case  the  fossils  of  some 
of  the  newlj-found  beds  would  "  deviate  from  the  normal  types  first 
selected,  and  approximate  more  and  more  to  the  types  of  the  ante- 
cedent or  subsequent  epochs."  According  to  this  view,  it  was 
obvious  from  the  first  that  the  oldest  Miocene  records,  wbeuerer 
they  were  detected,  would  not  be  easily  diatinguishable  from  the 
yoangeat  members  of  the  Eocene  series,  especially  in  the  proportion 
of  the  living  to  the  extinct  species  of  fossil  shells.  The  importance, 
indeed,  of  the  latter  test  must  diminish  rapidly  the  more  we  recede 
from  the  Pliocene  and  approach  the  Miocene,  and  still  more  the 
Kocene  formations,  although  it  is  never  without  its  value,  and  often 
furnishes  the  only  common  standard  of  comparison  between  strata  of 
very  distant  countries.  To  this  subject  of  classification,  or  the  line 
of  demarcation  between  the  Eocene  and  Miocene  strata,  I  shall  again 
refbr  in  this  and  the  sixteenth  chapter. 

ZiOtetr  Miocene  itrata  of  Central  f  ranee. — Lacustrine  strata,  be- 
longing, tor  the  most  part,  to  the  same  Miocene  syeitem  as  the  Cal- 
caire  de  la  Beauce,  are  again  met  with  in  Auvergne,  Cantal,  and 
Yelay,  the  sites  of  which  may  be  seen  in  the  annexed  map.  They 
appear  to  be  the  monuments  of  ancient  lakes,  which,  like  some  of 
those  now  existing  in  Switzerland,  once  occupied  the  depressions  in 
a  mountainous  region,  and  have  been  each  fed  by  one  or  more  rivers 
and  torrents.  The  country  where  they  occur  is  almost  entirely  com- 
posed of  granite  and  different  varieties  of  granitic  schist,  with  here 
and  there  a  few  patches  of  secondary  strata,  much  dislocated,  and 
which  hare  probably  suffered  great  denndation.  There  are  also  s<»ne 
vast  piles  of  volcanic  matter  (see  the  map),  the  greater  part  of  which 
is  newer  than  the  freshwater  strata,  and  is  sometimes  seen  to  rest 
upon  them,  while  a  small  part  has  evidently  been  of  contemporaneous 
origin.  Of  these  igneous  rocks  I  shall  treat  more  particularly  in 
another  part  of  this  work. 

Before  entering  into  any  details,  I  may  observe  that  the  stud; 
of  these  regions  possesses  a  peculiar  interest,  very  distinct  in  kind 
from  that  derivable  from  the  investigation  either  of  the  Parisian  or 
English  tertiary  areas.  For  we  are  presented  in  Auvergne  with  the 
evidence  of  a  series  of  events  of  astonitihing  magnitude  and  grandear, 
by  which  the  original  form  and  features  of  the  country  have  been 
greatly  changed,  yet  never  so  far  obliterated  but  that  they  may  still, 
in  part  at  least,  be  restored  in  imagination.  Great  lakes  have  dis- 
appeared— lofty  mountains  have  been  formed,  by  the  reiterated 
emission  of  lava,  preceded  and  followed  by  showers  of  sand  and 
scorite — deep  valleys  have  been  subsequently  furrowed  out  through 
masses  of  lacustrine  and  volcanic  origin — at  a  still  later  date,  new 
cones  have  been  thrown  up  in  these  valleys — new  takes  have  beea 
formed  by  the  damming  np  of  rivers — and  more  than  one  creation  of 
quadrupeds,  birds,  and  plants,  Eocene,  Miocene,  and  Pliocene,  have 
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followed  in  succession  ;  yet  the  region  has  preserved  Trom  first  to 
lut  its  geographical  ideatitj' ;  and  we  can  still  recall  to  our  thoughts 
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its  ext«rn»l  condition  end  physical  structure  before  these  wonderfnl 
TtciBsitudes  began,  or  while  a  part  only  of  the  whole  had  been  com- 
pleted. There  was  first  a  period  when  the  spacious  lakes,  of  which 
we  Etill  ratty  trace  the  boundaries,  lay  at  the  foot  of  mountains,  of 
moderate  elevation,  unbroken  by  the  bold  peaks  and  precipices  of 
Mont  Dor,  and  unadorned  by  the  picturesque  outline  of  the  Puy  de 
Dome,  or  of  the  volcanic  cones  and  craters  now  covering  the  granitic 
platform.  During  this  earlier  scene  of  repose  deltas  were  slowly 
formed  ;  beds  of  marl  and  sand,  several  hundred  ieet  thick,  deposited  ; 
ciliceous  and  calcareous  rocks  precipitated  from  the  waters  of  mineral 
springs ;  shells  and  insects  embedded,  together  with  the  remains  of 
the  crocodile  and  tortoise  ;  the  eggs  and  bones  of  water-birds,  and 
the  skeletons  of  quadrupeds,  most  of  them  of  genera  and  species 
characteristic  of  the  Miocene  period.  To  this  tranquil  condition  of 
the  Bur&ce  succeeded  the  era  of  volcanic  eruptions,  when  the  lakes 
were  drained,  and  when  the  fertility  of  the  mountainous  district  was 
probably  enhanced  by  the  igneous  matter  ejected  A-om  below,  and 
poured  down  upon  the  more  sterile  granite.  During  these  eruptions, 
wliich  appear  to  have  taken  place  towards  tho  dose  of  the  Miocene 
epoch,  and  which  continued  during  the  Pliocene,  various  assem- 
blages of  quadrupeds  successively  inhabited  the  district,  amongst 
which  are  found  the  genera  mastodon,  rhinoceros,  elephant,  tapir 
hippopotamus,  together  with  the  ox,  various  kinds  of  deer,  the  bear, 
hyasna,  and  many  beasts  of  prey  which  ranged  the  forest,  or  pastured 
on  the  plain,  and  were  occasionally  overtaken  by  a  fall  of  burning 
cinders,  or  buried  in  flows  of  mud,  such  as  accompany  volcanic 
eruptions.  Lastly,  these  quadrupeds  became  extinct,  and  gave  plsce 
in  their  turn  to  the  species  now  existing.  There  are  no  signs, 
during  the  whole  time  required  for  this  series  of  events,  of  the  sea 
having  intervened,  nor  of  any  denudation  which  may  not  have  been 
accomplished  by  currents  in  the  ditferent  lakes,  or  by  rivers  and  floods 
accompanying  repeated  earthqnakes,  or  subterranean  movements, 
during  which  the  levels  of  the  district  have  in  some  places  been 
materially  modified,  and  perhaps  the  whole  upraised  relatively  to  the 
surrounding  parts  of  France. 

Auvtrgne. — The  most  northern  of  the  freshwater  groups  is  situ- 
ated in  the  valley-plain  of  the  Allier,  which  lies  within  the  depart- 
ment of  the  Puy  de  Dome,  being  the  tract  whicli  went  formerly 
by  the  name  of  the  Limagne  d'Auvergne.  It  is  encloeed  by  two 
parallel  mountain  ranges, — that  of  the  Forez,  which  divides  the 
waters  of  the  Loire  and  Allier  on  the  east;  and  that  of  the  Moots 
Domes,  which  separates  the  Allier  from  the  Sioule,  on  the  west.* 
The  average  breadth  of  this  tract  is  about  twenty  miles ;  and  it  is  for 
the  most  part  composed  of  nearly  borisontal  strata  of  aand,  suid- 
stone,  calcareouB  marl,  clay,  and  limestone,  none  (rf*  which  observe 
B  fixed  and  invariable  order  of  superposition.  The  ancient  borders 
of  the  lake,  wherein  the  freshwater  strata  were  accumulated,  may 

*  Scrape,  Oeologj  oT  Central  France,  p.  1 5. 
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peneraDj  be  trkced  with  precision,  the  granite  and  other  ancient  rocks 
rising  up  boldly  from  the  level  country.  The  ftctual  junction,  how- 
erer,  of  the  lacuatrine  beds  and  the  granite  is  rarely  seen,  as  a  smalt 
TsUey  uBually  interrenea  between  them.  The  freshwater  strata  may 
tometimea  be  seen  to  retain  their  horizontality  within  a  very  slight 
distance  of  the  border-rocks,  while  in  some  pUces  they  are  inclined, 
tnd  in  few  inBtaucea  vertical.  The  principal  divisions  into  which 
the  lacustrine  series  may  be  separated  are  the  following:  —  Ist, 
Sandstone,  ^it,  and  conglomerate,  inclnding  red  marl  and  red  sand- 
sloDC ;  2dly,  Green  and  white  foliated  marls;  3dly,  Limestone,  or 
trsvertiB,  often  oolitic  in  stractore  ;  4thly,  Gypseous  marls. 

1.  a.  Sandttone  and  con^/omerate.— Strata  of  sand  and  gravel, 
MMnetimea  bound  together  into  a  solid  rock,  are  found  in  great  abun- 
dance aronod  the  confines  of  the  lacustrine  basin,  containing,  in 
different  places,  pebbles  of  all  the  ancient  rocks  of  the  adjoining 
elevated  country;  namely,  granite,  gneiss,  mica-schist,  clay-slate, 
porphyry,  and  others,  but  without  any  intermixture  of  basaltic  or 
other  tertiary  volcanic  rocks.  These  strata  do  not  form  one  con- 
tinuons  band  around  the  margin  of  the  basin,  being  rather  disposed 
like  the  independent  deltas  which  grow  at  the  mouths  of  torrents, 
along  the  borders  of  existing  lakes. 

At  Chamali^reit,  near  Clermont,  we  have  an  example  of  one  of 
these  deltas,  or  littoral  deposits,  of  local  extent,  where  the  pebbly 
beds  slope  away  from  the  granite,  as  if  they  had  formed  a  talus 
beneath  the  vratera  of  the  lake  near  the  steep  shore.  A  section  of 
about  fifty  feet  in  vertical  height  has  been  laid  open  by  a  torrent, 
and  the  pebbles  are  seen  to  consist  throughout  of  rounded  and 
angular  fragments  of  granite,  quartx,  primary  slate,  and  red  sand- 
stone. Partial  layers  of  lignite  and  pieces  of  wood  are  found  in  these 
beds. 

At  some  localities  on  the  margin  of  the  basin,  quartxoee  grits  are 
found ;  and,  where  these  rest  on  granite,  they  are  sometimes  formed 
of  separate  crystals  of  quarts,  mica,  and  felspar,  derived  from  tbe 
disintegrated  grnnite,  the  crystals  having  been  subsequently  bound 
together  by  a  siliceous  cement  In  these  cases  the  granite  seems 
regenerated  in  a  new  and  more  solid  form  ;  and  so  gradual  a  passage 
takes  place  between  the  rock  of  crystalline  and  that  of  mechanical 
origin,  that  we  can  scarcely  distinguish  where  one  ends  and  the 
other  begins. 

In  the  hills  called  the  Puy  de  Jussat  and  La  Roche,  we  have  the 
advantage  of  seeing  asection  continuously  exposed  for  about  700  feet 
in  thickness.  At  the  bottom  are  foliated  marls,  white  and  green, 
about  400  feet  thick  ;  and  above,  resting  on  the  marls,  are  thequartzose 
grita,  cemented  by  calcareous  matter,  which  is  sometimes  so  abundant 
u  to  form  embedded  nodules.  These  sometimes  constitute  spheroidal 
concretions  »ix  feet  in  diameter,  and  pass  into  beds  of  solid  lime- 
stone, resembling  the  Italian  travertins,  or  the  deposits  of  mineral 
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arenaceous  groups  is  one  of  red  dandstone  and  red  marl,  which  are 
identical  in  all  their  mineral  charactera  with  the  eeeondtiTj  New  Std 
tanditone  and  marl  of  England.  In  these  secondary  rocks  the  red 
ground  is  sometimes  Tariegated  with  light  greenish  spots,  and  the 
Baine  may  be  seen  in  the  tertiary  formation  of  freshwater  origin  at 
Coudes,  on  the  Allier.  The  marls  are  sometimes  of  a  purplish-red 
colour,  as  at  Champheix,  and  are  accompanied  by  a  reddish-lime' 
stone,  like  the  well-known  "  comEtone,"  which  is  associated  with  the 
Old  Red  sandstone  of  English  geologists.  The  red  sandstone  and 
marl  of  Anrei^oe  hare  evidently  been  derived  from  the  degradation 
of  gneiss  and  mica-schist,  which  are  seen  m  tiht  on  the  atyoining 
hills,  decomposing  into  a  soil  very  similar  to  the  tertiary  red  sand 
and  marl.  We  also  find  pebbles  of  gneiss,  mica-schist,  and  qnarti 
in  the  coarser  sandstones  of  this  group,  clearly  pointing  to  the 
parent  rocks  from  which  the  sand  and  marl  are  derived.  The  red 
beds,  although  destitute  themselves  of  organic  remains,  pass  upwards 
into  strata  containing  tertiary  fossils,  and  are  certainly  an  inte^al 
part  of  the  lacustrine  formation.  From  this  example  the  student 
will  learn  how  small  is  the  value  of  mineral  character  alone,  as  a 
test  of  the  relative  age  of  rocks. 

2.  Green  and  tchite  foliated  marls. — The  same  primary  rocks  of 
Auvergne,  which,  by  the  partial  degradation  of  their  harder  pwta, 
gave  rise  to  the  quartzose  grits  and  conglomerates  before  mentioned. 
would,  by  the  reduction  of  the  same  materials  into  powder,  and  by 
the  decomposition  of  their  felspar,  mica,  and  hornblende,  produce 
aluminous  clay,  and,  if  a  sufficient  quantity  of  carbonate  of  lime 
was  present,  calcareous  marl.  This  fine  sediment  would  natarally 
be  carried  out  to  a  greater  distance  irom  the  shore,  as  are  the 
various  finer  marls  now  deposited  in  Lake  Superior.  And  as,  In  tbe 
American  lake,  shingle  and  sand  are  annually  amassed  near  the 
northern  shores,  so  in  Auvergne  the  grits  and  conglomerates  before 
mentioned  were  evidently  formed  near  the  borders. 

The  entire  thickness  of  these  marls  is  unknown  ;  but  it  certainly 
exceeds,  in  some  places,  700  feet  They  are,  for  the  most  part, 
either  light-green  or  white,  and  usually  calcareous.  They  are 
thinly  foliated — a  character  which  frequently  arises  from  the  in- 
numerable thin  shells,  or  carapace-valves,  of  that  small  crustacean 
called  CffprU,  which  is  provided  with  two  small  valves,  not  lunKke 
those  of  a  bivalve  shell,  and  moults  its  integuments  periodic»lly, 
which  the  couchiferoBS  moUosks  do  not.  This  circumstance  may 
partly  explain  the  countless  myriads  of  the  shells  of  CyprU  -which 
were  shed  in  the  ancient  lakes  of  Auvergne,  so  as  to  give  rise  to 
divisions  in  the  marl  as  thin  as  p^ver,  and  that,  too,  in  strmtified 
masses  several  hundred  feet  thick.  A  more  convincing  proof  of  the 
tranquillity  and  clearness  of  the  waters,  and  of  die  slow  and  gradual 
process  by  which  tbe  lake  was  filled  up  with  fine  mud,  cannot  b«- 
desired.  But  we  may  easily  suppose  that,  while  this  fine  sediment 
was  thrown  down  in  the  deep  and  central  parts  of  the  basin,  gravel. 
sand,  and  rocky  fragments  were  hurried  into  the  lake,  and  depoeiti-d 
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■wv  the   ahore,    forming   the  group    described   ia    the  preceding 

Not  far  from  Clermont,  the  green  marls,  containing  the  CyprU  in 
■bondance,  approach  to  wilhin  a  few  ^ards  of  the  granite  which  forms 
tbe  borders  of  the  basin.  The  occurrence  of  theve  marls  so  near  the 
ucient  margin  ma^  be  explained  by  considering  that,  at  the  bottom 
of  the  ancient  lake,  no  coarse  ingredients  were  deposited  in  spMes 
intmnediate  between  the  points  where  riyers  and  torrents  entered, 


bat  finer  mod  only  was  drifted  there  bj  currents.  The  vertieaUty  of 
>ome  of  the  beds  in  the  above  section  bears  testimony  to  considerable 
local  disturbance  subsequent  to  the  deposition  of  the  maris  ;  but  such 
inclined  and  vertical  strata  are  very  rare. 

3.  jMttttotu,  travertin,  ooiUe, — Both  the  preceding  members  of 
the  lacuatrine  deposit,  the  marb  and  grits,  pass  occasionally  into 
linwitone.  Sometimes  only  concretiooai-y  nodules  abound  in  them  i 
bat  these,  where  itexe  is  an  increase  in  the  quantity  of  calcareous 
Batta,  unite  into  regular  beds. 

On  each  side  of  the  basin  of  the  Limague,  both  on  the  west  at 
Gannat,  and  on  the  east  at  Vichy,  a  white  oolitic  limestone  is  quar- 
ried. At  Vichy,  the  oolite  resembles  our  Bath  stone  in  appearance 
ud  beaa^ ;  and,  like  it,  is  soft  when  first  taken  from  the  quany. 
but  soon  hardens  on  exposure  to  the  air.  At  Gannat,  the  stone 
contains  luid^shells  and  bones  of  quadrupeds.  At  Chadrat,  in  the 
hill  of  La  Serre,  the  limestone  is  pisolitic.  the  small  spheroids  com- 
tMniDg  both  the  radiated  and  concentric  structure. 

Indunal  Ume»tone. — There  is  another  remarkable  fonn  of  fresh- 
water limestone  in  Auvergne,  called  "  iudusial,"  from  the  cases,  or 
ii^VMur,  of  caddis-worms  (the  larvie  of  Phryganea) ;  great  heaps  of 
which  have  been  encrusted,  as  they  lay,  by  carbonate  of  lime,  and 
formed  into  a  hard  travertin.  The  rock  is  sometimes  purely  cal- 
careous, but  there  is  occasionally  an  intermixture  of  siliceoua  mstter. 
Several  beds  of  It  are  frequently  seen,  either  in  continuous  masses. 
or  in  concretionary  nodules,  one  upon  another,  with  layers  of  marl 
■Bterpoaed.  The  annexed  drawing  (lig.  166.)  will  show  the  manner 
in  which  one  of  these  indusial  beds  (a)  is  laid  open  at  the  surface, 
between  the  marls  {b,  b\  near  the  base  of  the  hill  of  Gergovia ;  and 
tffords,  at  the  aame  time,  an  example  of  the  extent  to  which  the 
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lacustrine  strata,  which  must  once  have  filled  a  hollow,  have  been 
denuded,  and  shaped  out  into  hilla  and  Tallefs,  on  the  site  of  the 
ancient  lake*. 


B<d  arindutul  IliDnume, lutentrillBal  ullb  ftnhwilir  niirl,  iwir  aernoDt  {KIciucfarMl). 

We  may  often  observe  in  our  ponds  the  /^r^anea  (or  Caddie 
fly),  in  its  catcrpiUar  state,  covered  with  amaL  freshwater  shells  which 
they  have  the  power  of  fixing  to  the  outside  of  their  tubular  cases, 
in  orJer,  probably,  to  give  them  weight  and  strength.  The  individual 
figured  in  the  annexed  cut,  which  belongs  to  a  species  very  abundant 
Fii.  IC7.  it)  England,  has  covered  its  case  with 
shells  of  a  smalt  FtanorinM.  In  the  same 
manner  a  latge  species  of  caddis-womi 
which  swarmed  in  the  E^ocene  lakes  of 
.  Auvergiie  was  accustomed  to  attach  to 
its  dwelling  the  shells  of  a  small  spiral 
L«.>ofr««inrm<»«.«  univalve  of  the  genus  Faluditta.  A  hun- 
dred of  these  minute  shells  are  sometimes  seen  arranged  around  one 
tube,  part  of  the  central  cavity  of  which  is  often  empty,  the  rest 
being  Riled  up  with  thiu  concentric  layers  of  travertin.  The  cases 
have  been  thrown  together  confusedly,  and  often  lie,  as  in  fig.  168., 
at  right  angles  one  to  the  other.  When  we  consider  that  ten  or 
twelve  tubes  arc  pscked  within  the  compass  of  a  cubic  inch,  and  that 
some  single  strata  of  this  limestone  are  six  feet  thick,  and  may  be 
(■"accd  over  a  considerable  area,  we  may  form  some  idea  of  die  count- 
less number  of  insects  and  mollusca  which  contributed  their  intega- 

*  I  bi'tieTc  that  the  Briilth  specimen  here  flgnred  is  P.  rbembica,  linn. 
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ments  and  shells  to  compose  this  singulariy  conatruot«d  rock.  It  is 
UDoeceasaiy  to  suppose  that  the  Phryganta  lived  on  the  spots  where 
tbeir  cases  are  now  found ;  they  maj  have  multiplied  in  the  shallowii 
nev  the  mArgin  of  the  lake,  or  in  the  streams  by  which  it  was  fed, 
md  their  cues  may  have  been  drifted  by  a  current  far  into  the  deep 


In  the  snmmer  of  1837,  when  examining,  in  company  with  Or. 
Beck,  a  small  lake  near  Copenhagen,  I  had  an  opportunity  of  wit- 
neaaing  a  beautiful  exemplification  of  the  manner  in  which  the 
tabular  cases  of  Auvergne  were  probably  accumulated.  This  lake, 
ciUed  the  Funre-Soe,  occurring  in  the  interior  of  Seeland,  is  about 
twenty  English  miles  in  circumference,  and  in  some  parts  200  feet  in 
depth.  Bound  the  shallow  borders  an  abundant  crop  of  weeds  and 
rushes  may  be  observed,  covered  with  the  indttsite  of  the  Fkri/ganea 
ffrandit  and  other  species,  to  which  shells  are  attached.  The  plants 
which  support  them  are  the  bulrush,  Sctrput  laeuttris,  and  common 
reed,  Anmdo  phragmitet,  but  chiefly  the  former.  In  summer,  espe- 
cially in  the  month  of  June^  a  violent  gust  of  wind  sometimes  causes  a 
current  by  which  the^  plants  are  torn  up  by  the  roots,  washed  away, 
uid  floated  off  in  long  bands,  more  tlian  a  mile  in  length,  into  deep 
water.  The  C^pri*  swarmsinthesame  lake;  and  calcareous  springs 
alone  are  wanting  to  fonn  extensive  beds  of  indusial  limestone,  like 
those  of  Auvergne. 

4.  Gypteotu  marls. — More  than  50  feet  of  thinly  laminated  gyp- 
seous marls,  exactty  resembling  those  tn  the  hill  of  Montmartre,  at 
Paris,  are  walked  for  gypsum  at  St.  Bomain,  on  the  right  bank  of 
the  Allier.  They  rest  en  a  series  of  green  cypridiferous  marls 
which  alternate  with  grit,  the  united  thickness  of  this  inferior  group 
being  seen,  in  a  vertical  section  on  the  banks  of  the  river,  to  exceed 
230teet. 

General  arrangemenl,  origin,  and  age  of  the  frahwater  formations 
of  Auvergne. — TTie  relations  of  the  different  groups  above  described 
r^noot  be  learnt  by  the  study  of  any  one  section  ;  and  the  geologist 
who  seta  out  with  the  expectation  of  finding  a  fixed  order  of  succes- 
sion taxj  perhaps  complaimtbat  the  different  parts  of  the  basin  give 
^'ontradictory  results.  '!^e  ai«Hce<MS  division,  the  marls,  and  the 
limestone  may  all  be  seen  in  some  places  to  alternate  with  each 
other  ;  yet  it  cai)  b^  n«  means  be  affirmed  that  there  is  no  order  of 
Brrangement,  The  sands,  sandstone,  and  conglomerate  constitute  in 
genetiil  a,  littoral  group  ;  the  foliated  white  and  green  marls,  a  cou- 
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temporoneous  central  deposit;  and  the  limestone  is  for  the  meet  part 
subordinate  to  the  newer  portions  of  both.  The  uppermost  marls 
and  sands  are  more  calcareous  than  the  lower  ;  and  we  never  meet 
with  calcareous  rocks  covered  bj  a  considerable  thicliness  of  qaart- 
zose  sand  or  green  marl.  From  the  resemblance  of  the  Hmestonee  to 
the  Italian  travertins,  we  may  conclude  that  they  were  derived  from 
the  waters  of  mineral  springs, — such  springs  as  even  now  exist  in 
Auvergne,  and  which  may  be  seen  rising  up  through  the  granite, 
and  precipitating  travertin.  They  are  sometimee  thermal,  but  this 
character  is  by  no  means  constant. 

It  seems  that,  when  the  ancient  lake  of  the  Limagne  first  began  to 
be  filled  with  sediment,  no  volcanic  action  had  yet  prodaced  lava  &nd 
scoria  on  any  part  of  the  surface  of  Auvergne.  No  pebbles,  there- 
fore, of  lava  were  transported  into  the  lake — no  fragments  of  volc&nic 
rocks  embedded  in  the  conglomerate.  But  at  a  later  period,  when  a 
considerable  thickness  of  sandstone  and  marl  had  accumulated,  erup> 
tions  broke  out,  and  lava  and  tuff  were  deposited,  at  some  spots,  al- 
ternately with  the  lacustrine  strata.  It  is  not  improbable  that  cold 
and  thermid  springs,  holding  different  mineral  ingredients  in  solution, 
became  more  numerous  during  the  successive  convulsionei  attending 
this  development  of  volcanic  agency,  and  thus  deposits  of  carbonate 
and  sulphate  of  lime,  silex,  and  other  minerals  were  produced. 
Hence  diese  minerals  predominate  in  the  uppermost  strata.  The 
subterranean  movements  may  then  have  continued  until  they  altered 
the  relative  levels  of  the  country,  and  caused  the  waters  of  the  lakes 
to  be  drained  off,  and  the  farther  accumulation  of  regular  freshwater 
strata  to  cease. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise  to 
analogous  results  in  any  modern  basin,  such  as  that  of  Lake  Superior, 
for  example,  where  numerous  rivers  and  torrents  are  carrying  down 
the  detritus  of  a  chain  of  mountains  into  the  lake.  The  transported 
materials  must  be  arranged  according  to  their  sise  and  weight,  the 
coarser  near  the  shore,  the  finer  at  a  greater  distance  from  land;  but 
in  the  gravelly  and  sandy  beds  of  Lake  Superior  no  pebbles  of  modem 
volcanic  rocks  can  be  included,  since  there  are  none  of  these  at  present 
in  the  district  If  igneous  action  should  break  out  in  that  country, 
and  produce  lava,  scorin,  and  thermal  springs,  the  deposition  of  gravel, 
sand,  and  marl  might  still  continue  as  before  j  hut,  in  addition,  there 
would  then  be  an  intermixture  of  volcanic  gravd  and  tu^  and  of 
rocks  precipitated  from  the  waters  of  mineral  springs. 

Although  the  freshwater  strata  of  the  Limagne  approach  generally 
to  a  horizontal  position,  the  proofs  of  violent  local  disturbance  are  saf- 
Uciently  numerous  to  allow  us  to  suppose  great  changes  of  level 
since  the  lacustrine  period.  We  are  unable  to  assign  a  nortbero 
barrier  to  the  ancient  lake,  although  vre  can  still  trace  its  limits  to 
the  east,  west,  and  soutli,  where  ^y  were  formed  of  bold  granite 
eminences.  Nor  need  we  be  surprised  at  our  inability  to  restore 
entirely  the  physical  geography  of  the  country  after  so  great  a  series 
of  volcanic  eruptions ;  for  it  is  by  no  means  improbable  that  ooe  part 
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of  it,  the  soaUiern,  for  example,  mnj  have  been  moved  upwards 
)wiiil7,  while  others  remained  at  rest,  or  even  suffered  a  movement 
of  depression. 

It  19  scarcely  possible  to  determine  the  age  of  the  oldest  part  of 
(be  freshwater  series  of  the  Limagne,  large  mosses  both  of  the  sandy 
t/id  nuilj  strata  being  devoid  of  fossils.  iSome  of  the  lowest  beds 
11*7  be  of  Upper  Eocene  dat«,  although,  according  to  M.  Pomel, 
tmij  one  bone  of  a  l\tUollterium  has  been  discovered  in  Anvergne. 
Bat  io  Velay,  in  strata  containing  some  species  of  fossil  mammalia 
rommoD  to  the  Limagne,  no  less  than  four  species  of  Paleothere  have 
been  fonnd  bj  H.  A^mard,  and  one  of  these  is  generally  supposed  to 
be  identical  with  PaUotherium  magnum,  an  undoubted  Upper  Eocene 
foail,  of  the  Paris  gypsum,  the  oUier  three  being  peculiar. 

Not  a  few  of  the  otJier  mammalia  of  the  Limagne  made  known  to 
as  by  the  labours  of  UM.  Bouillet,  Bravard,  Crcizet,  Jobert^  Laiier, 
Robert,  Aymard,  and  Pomel,  belong  undoubtedly  to  genera  and 
ipecies  elsewhere  proper  to  the  Lower  Mioc«ne.  Thus,  for  example, 
the  Cainotherium  of  Bravard,  a  genus  not  far  removed  from  the 
Anofdotherium,  is  represented  by  several  species,  oue  of  which,  as  I 
bun  from  Mr.  Waterhouse,  agrees  with  Microtkeritaa  Renggeri  i>i 
the  Hayence  basin.  In  like  manner  the  Amphttragulut  elegant  of 
Pomel,  an  Anvergne  fossil,  is  Identified  by  Waterhouse  with  Dorea- 
OuTxam  natuim  of  Kaap,  a  Khenish  species  from  Weissenau,  near 
Uayeuce.  A  small  species  also  of  rodent,  of  the  genus  Titanomya  of 
H.  von  Meyer,  is  common  to  the  Lower  Mickcene  of  Mayence  and 
Ibe  Limagne  d' Anvergne,  and  there  are  many  other  points  of  agree- 
DKut  which  the  discordance  of  nomenclature  tends  to  conceal.  A 
remarkable  carnivorous  genus,  the  Uy^nodon  of  Laiier,  is  repre- 
KDted  by  more  than  one  species.  The  same  genus  has  also  been 
fonnd  in  the  Upper  Eocene  marls  of  Hordwell  Cliff,  Hampshire,jn8t 
below  the  level  of  the  Bembridge  Limestone,  and  therefore  a  forma- 
lion  old^  than  the  Gypsum  of  Paris,  tiieveral  species  of  upossnm 
[Didtlpku'j  are  met  with  in  the  same  strata  of  the  Limagne.  The 
tMociotion  of  such  genera  as  Dinotherium,  Tapir,  Anthracolherium, 
sod  Rkinoetroi  with  those  above  mentioned,  helps  to  connect  the 
Anvergne  ftuna  with  the  Upper  Miocene,  but  the  species  are  differ- 
ent from  those  of  the  neighbouring  faluns  of  the  Loire,  or  those  of 
Susan,  in  the  South  of  France.  Nor  do  the  Upper  Uiocene  species 
appear,  so  for  as  we  yet  know,  in  the  overlying  volcanic  formations 
of  Auvergne,  where  the  quadrupeds  hitherto  discovered  belong 
either  to  the  older  or  newer  Pliocene  periods. 

Tbe  total  ntimber  of  mammalia  enumerated  by  M.  Pomel  as  apper- 
uining  to  the  Iiower  Miocene  fauna  of  the  Limagne  and  Vdlay,  falls 
little  short  of  a  hundred,  and  with  them  are  associated  some  large 
crocodQes  and  tortoises,  and  some  Ophidian  and  Batrachian  reptiles. 
CantaL — A  freshwater  formation,  already  alluded  to,  of  about  the 
r«me  i^e  and  very  analogous  to  that  of  Auvergne,  is  situated  in 
ibe  Department  of  Haute  Loire,  near  the  town  of  Le  Puy,  in 
Velay  ;  and  another  occurs  near  Aurillac,  In  Cantal.     The  leading 
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feature  of  the  forniKtion  last  mentioned,  u  distinguished  from  those 
of  Anvergne  and  V6\b.j,  is  the  immense  abundance  of  silez  associated 
with  calcareous  marls  and  limestone. 

The  vhole  series  maj  be  separated  into  two  dirlsions  ;  the  lower, 
composed  of  gravel,  sand,  and  clay,  such  as  might  hare  been  derived 
from  the  wearing  down  and  decomposition  of  the  granitic  schists  of 
the  surrounding  conntrj  ;  the  upper  system,  consisting  of  siliceous 
and  calcareous  marls,  contains  subordinatelj  gypsum,  silez,  and 
limestone. 

The  resemblance  of  the  freshwater  limestone  of  the  Cant^  and 
its  accompanyiug  flint,  to  the  upper  chalk  of  England,  is  very  in- 
structive, and  well  calculated  to  put  the  student  upon  his  guard 
against  relying  too  implicitly  on  mineral  ciiaracter  alone  as  a  safe 
criterion  of  relative  age. 

Wben  we  approach  Anrillae  from  the  vest,  ve  pass  over  grest 
heathy  plains,  where  the  eterUe  mica-schist  is  bardy  covered 
with  vegetation.  Near  Ttrac,  and  between  La-Capelle  and  Vis- 
camp,  die  surface  is  strewed  over  with  loose  broken  flints,  some  of 
them  black  in  the  interior,  but  with  a  white  external  coating  ;  otben 
stained  with  tints  of  yellow  and  red,  and  in  appearance  precisely 
like  the  flint  gravel  of  our  ohaUt  districts.  When  heaps  of  diis 
gravel  hare  thus  announced  onr  approach  to  a  new  formation,  we 
arrive  at  length  at  the  escarpment  of  the  lacustrine  beds.  At  the 
bottom  of  the  hill  which  rises  before  ns,  we  see  strata  of  day  and 
sand,  resting  on  raica-ecbist ;  and  above,  in  the  quarries  of  Belbet, 
Leybros,  and  Bmel,  a  wbite  limestone,  in  horizontal  strata,  the  sur- 
face of  which  has  been  hollowed  out  into  irregular  furrows,  since 
filled  up  with  broken  tlint,  marl,  «nd  dark  vegetable  Kwuld.  In 
these  cavities  we  recognize  an  exact  counterpart  to  those  which  are 
so  numerous  on  the  furrowed  surface  of  our  own  white  chalk.  Ad- 
vancing from  these  quarries  along  a  road  made  of  ihe  white  lime- 
stone, which  reflects  as  glaring  a  light  in  the  sun  as  do  our  roads 
composed  of  chalk,  we  reach,  at  length,  in  the  neighbourhood  or 
Auritlac,  hills  of  limestone  and  calcareous  marl,  in  horiaontal  strata, 
separated  in  some  places  by  regular  layers  of  flint  in  nodnles,  the  ^ 
coating  of  each  nodule  being  of  an  opaque  white  ooloor,  like  the 
exterior  of  the  flinty  nodules  of  oar  chalk.  , 

The  abundant  supply  both  of  siliceous,  calcareous,  and  g7pseou9    I 
matter,  which  the  ancient  lakes  of  France  received,  may  have  been    | 
connected  with  the  subterranean  volcanic  ^enoy  of  which  those    i 
regions  were  so  long  the  theatre,  and  which  may  have  impr^nated 
the  springs  with  miner^  matter,  even  before  the  great  outbreak  of 
lava.     It  is  well  known  that  the  hot  springs  of  Iceland,  and  many   | 
other  countries,  contain  silez  in  solution  ;   and  it  has  been  lately 
affirmed,  that  steam  at  a  high  pressure  is  capable  of  dissolving 
quartsose  rocks  without  the  aid  of  any  alkaline  or  other  flux.* 
Warm  water  charged  with  siliceous  matter  would  immediately  pa" 

•  Sec  FnieesdiDgt  of  Rojral  Soc,  ITo.  44.  p.  S33. 
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viih  a  portion  of  its  siloz,  if  its  temperatare  was  lowered  hj  mixing 
nth  the  cooler  waters  of  a  lake. 

A  hutj  observation  of  the  white  limestone  and  flint  of  Aurillac 
m^ht  convey  the  idea  that  the  rock  was  of  the  same  age  as  the 
white  chalk  of  Europe  ;  but  when  we  turn  from  the  mineral  aspect 
and  composition  ta  the  orj^anic  remains,  we  find  in  the  flints  ot  the 
Cutal  seed-TesseU  of  the  freabwater  Cham,  instead  of  the  marine 
loophjtes  so  abundant  in  chalk  flints;  and  in  the  limestone  we  meet 
with  shells  of  Limnea,  PlanorbU,  and  other  lacustrine  goners. 

Prooft  (^  gradual  depoti^n. — Some  sections  of  the  foliated 
atrls  in  the  valley  of'the  Cer,  near  Anrillac,  attest,  in  the  most  un> 
equivocal  manner,  the  extreme  slowness  with  which  the  materials 
of  the  lacnstrine  series  were  amassed.  In  the  hill  of  Barrat,  for 
exuDple,  we  find  an  asBemblage  of  calcareous  and  siliceous  marls, 
ia  which,  for  a  depth  of  at  least  60  fee^  the  layers  are  so  thin,  thiit 
itiirty  are  sometimes  contained  in  the  thickness  of  an  inch ;  and 
wben  they  are  separated,  we  see  preserved  in  every  one  of  them  the 
flattened  stems  of  Chora,  or  other  plaata,  or  sometimes  myriads  of 
small  I\Uudi»a  and  other  freshwater  sheila.  These  minute  foliations 
of  the  marl  resemble  precisely  some  of  the  recent  laminated  beds  of 
the  Scotch  marl  lakes,  and  may  be  compared  to  the  pages  of  a  book, 
each  containing  a  history  of  a  certain  period  of  the  past.  The 
different  layers  may  be  grouped  together  in  beds  from  a  foot  to  a 
foot  and  a  half  in  thickness,  which  are  distinguished  by  difierencea 
»r  com  position  and  colour,  the  tints  being  white,  green,  and  brown. 
Occssiooally  there  is  a  parting  layer  of  pure  flin^  or  of  black  car- 
bonaceous vegetable  matter,  about  an  inch  thick,  or  of  white  pul- 
Tendent  marL  We  find  several  hills  in  the  neighbourhood  of 
Aarillac  composed  of  such  materials,  for  the  height  of  more  than 
^  teet  from  their  base,  the  whole  sometimes  covered  by  rocky 
currenta  of  trachytic  or  basaltic  lava.* 

Thus  wonderfully  minute  are  the  separate  parts  of  which  some  of 
the  most  massive  geological  monuments  are  made  np  I  When  we 
desire  to  classify,  it  is  necessary  to  contemplate  entire  groups  of 
nrala  in  the  aggregate ;  but  if  we  wish  to  understand  the  mode  of 
their  formation,  and  to  explain  their  origin,  we  must  think  only  of 
the  minute  subdivisions  of  which  each  mass  is  composed.  We  must 
besr  in  mind  how  many  thin  leaflike  seams  of  matter,  each  con* 
isining  the  remains  of  myriads  of  testacea  and  plants,  fr'equentty 
nier  into  the  composition  of  a  single  stratum,  and  how  vast  a  suc- 
cession of  these  strata  unite  to  form  a  single  group  I  We  must 
remember,  also,  that  piles  of  volcanic  matter,  like  the  Flomb  du 
Csntal,  which  rises  in  the  immediate  neighbourhood  of  Aurillac,  ore 
tbemselvea  equally  the  result  of  saccessive  accumulation,  consisting 
cf  reiterated  sheets  of  lava,  showers  of  scoriie,  and  ejected  fragments 
(if  rock.     L*8tly,  we  must  not  forget  that  continents  and  mountain- 
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.  chains,  colossal  as  are  their  dimengioDs,  are  nothing  more  thtn  an 
aesembiage  of  maaj  guch  igneous  and  aqueous  groups,  formed  id 
succession  during  an  indefinite  lapse  of  ages,  and  superimposed  upon 
each  other, 

JUiocene  itrata  of  Bordeaux  and  South  of  France, — A  great  ex- 
tent of  country  between  the  Pyrenees  and  the  Gironde  is  overspretd 
by  tertiary  deposits  of  various  ages  and  chiefly  of  Miocene  dsle. 
M.  Toumoner,  in  an  able  memoir  on  these  formations  ',  has  shown 
that  there  is  a  remarkable  continuity  in  the  succession  of  strata,  the 
uppermost  being  somewhat  newer  than  the  faluna  of  Tourune  and 
the  lowest  somewhat  older  than  the  Foniainebleau  sandstone  alre&dy 
alluded  to.  In  the  highest  group,  that  of  Salles,  in  which  V<AKta 
LamberH  and  Cardiia  Jouanneti  occur,  there  are  manj  foiieiU 
common  to  the  Pliocene  or  Subapennine  strata.  Next  below  tbf^ 
are  the  falnns  proper  of  Bordeaux,  which  include  the  faluos  of 
Saucata  and  Leognan  and  those  of  Dax  in  the  adjoining  baain  of  the 
Adour.  These  formations,  which  contain  among  other  shells  Pectin 
Burdigalensu  and  Aneiilaria  ffUtndiformit,  coincide  in  age  with  the 
faluns  of  Touraine  ;  but  so  many  of  the  species  are  peculiar  to  the 
south  as  to  imply  that  there  was  a  separation  by  a  considerable  tract 
of  land  between  the  basins  of  the  Loire  and  Gironde. 

Strata  which  may  be  referred  to  the  Lower  Miocene  come  neit 
in  the  descending  order,  comprising  those  of  M^rigoac  and  Bau^, 
the  first  brackish  and  the  latter  of  marine  wigin.  In  this  fluvio- 
marine  series,  CerUhium  plictUum  (fig.  173.  p.  238.),  C.  margari' 
factum,  C.  Brongniarti,  &c.,  and  in  the  marine  beds  I^/rula  Lain** 
occur.  The  greater  part  of  this  series  is  considered  by  M.  Tour- 
nouer  to  correspond  in  age  with  the  freshwater  limestone  of  Ia 
Beauce  in  the  basins  of  the  Loire  and  Seine. 

Still  lower  is  the  Aeteriaa  limestone,  which  witb  its  overlying 
marls  is  about  300  feet  in  thickness,  in  which  Cerithium  plUatw 
and  C.  margaritaeeum  are  a^ain  met  wiih,  together  with  Itatica 
crauaHna  and  other  shelb  charactertstic  of  the  £(ampeH  and  Fon- 
taisebleau  sands  before  mentioned.  In  these  lower  strata  are  many 
species  common  to  the  Parisian  Eocene  system,  to  the  Calcaire 
Grossier  for  example,  and  even  beds  still  lower.  There  ore  al^ 
several  species  of  nummulites  in  ^e  Asterias  liraestoae,  and  their 
presence  marks  a  difTerence  in  the  character  of  the  Lower  Miocene 
of  the  South  of  Europe,  as  contrasted  wiUi  that  of  the  nortb. 
These  and  other  indications  of  a  passage  from  an  older  to  a  newer 
group,  is  just  what  we  might  expect  in  proportion  as  our  series  of 
monuments  begins  to  be  more  and  more  complete.  According  to 
M.  Toumouer,  the  Lower  Miocene  shells  identifiable  with  Eocene 
species  are  always  varieties  of  the  same — an  imporUnt  fact  as  beanog 
on  theories  of  the  origin  of  species.  Below  the  whole  of  ^e:^ 
formations  lies  a  true  Eocene  limestone  called  the  Calcaire  de  Blaye. 
of  the  age  of  the  Calcaire  Grossier  of  the  Paris  basin.  In  order  to 
explain  the  succession  of  beds  in  the  basin  of  the  Gironde,  several 
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OKillatioDs  of  level  are  neceesarj.  The  same  wide  aren  was  alter- 
DsKlj  converted  into  sea  and  land  and  into  brackish -water  lagoons, 
and  finally  into  freshwater  pooda  and  lakes. 

Upper  Miocene  strata  of  Gen. — Among  the  freshwater  strata 
last  idladed  to  near  the  base  of  the  PjretieeB,  ore  many  of  Upper 
Miocene  age,  from  which  bonea  of  the  Dinotherwm  gigaitteum  and 
entira  skeletons  of  the  Mattodon  auffuttident  have  been  obtained  bj 
M.  LarteL  In  one  of  these  deposits  that  eminent  comparative  ana- 
tomist discovered,  in  1837,  the  first  remains  of  quadnimaaa  which 
had  been  detected  in  Europe.  They  were  associated  with  the  qua- 
drupeds above  mentioned  in  beds  of  freshwater  marl,  limestone,  and 
sand  near  Auch,  in  the  Department  of  Gers,  about  forty  mites  west 
of  Toulouse.  They  were  referred  by  MM.  Lartet  and  Blaiiiville  to 
a  genus  closely  allied  to  the  Gibbon,  to  which  they  gave  the  name 
of  nUipithecus.  More  recently  (1856)  M.  Lartet  described  another 
species  of  the  same  family  of  long-armed  apes  {Hylobatet),  which  he 
obtained  from  strata  of  the  same  age  at  Saint-Gaudens,  in  the  Haute 
tiaronne.  The  fossil  remains  of  this  animal  consisted  of  a  portion 
of  a  lower  jaw  with  teeth  and  the  shaft  of  a  humerus.  It  is  supposed 
lo  have  been  a  tree-dlmbing  frugivorous  ape,  equalling  Man  in 
lUture.  As  the  trunks  of  oaks  are  common  in  the  lignite  beds  in 
which  it  l*y,  it  has  received  the  generic  name  of  Dryopithecm.  The 
angle  formed  by  the  ascending  ramus  of  the  jaw  and  the  alveolar 
border  ia  less  open,  and  therefore  more  like  the  human  subject  than 
in  the  Chimpanzee,  and,  what  is  stiU  more  remarkable,  the  fossil,  a 
Young  but  adult  individual,  had  all  its  milk  t«eth  replaced  by  the 
second  set,  while  its  last  true  molar  (or  wisdom  tooth)  was  still  un- 
developed, or  only  existed  as  a  germ  in  the  jaw-bone.  In  the  mode, 
therefore,  of  the  succession  of  its  teeth  (which,  as  in  all  the  Old 
World  apes,  exactly  agree  in  number  with  those  in  Man)  it  differed 
from  the  Gorilla  and  Chimpanzee  and  corresponded  with  the  human 

This  peculiarity  in  its  dentition,  however,  it  shared,  as  M.  Lartet 
reminds  us,  with  one  of  the  living  Gibbons  called  the  Siamang.  It 
is  only  one  of  several  characters,  such  as  the  more  globular  form  of 
the  cranium  and  the  smaller  size  of  the  canine  teeth  of  the  lower 
jaw,  in  which  the  Gibbons  approach  Man  in  their  structure  more 
nearly  dian  do  any  other  of  the  tailless  apes.  There  is  an  analogy 
between  such  points  of  agreement  and  the  fact  that  Man  and  the  Orang 
(Piikeeiu)  have  each  twelve  pair  of  ribs,  whereas  the  Gorilla  and 
Chimpanzee  {Troglodyta),  notwithstanding  that  in  the  aggregate  of 
their  characters  they  approach  nearer  to  the  human  type  than  the 
Orang,  have  each  thirteen  pair.  A  still  more  curious  analog;  is  af- 
forded by  some  of  the  platyrrhine  monkeys  of  South  America,  which, 
although  they  differ  from  all  the  Old  World  quadrumana  and  from 
Man  in  having  four  supernumerary  molars,  yet  are  not  only  less 
prognathous  than  the  catarrhine  monkeys,  but  have  the  cerebellum 
more  decidedly  overlapped  by  the  posterior  lobe  of  the  cerebrum 
than  the  Old  World  apes.  Yet  the  brains  of  the  latter  are,  on  the 
whale,  much  more  akin  to  the  human  in  their  anatomical  structure. 
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UpperMiocene  near  Antwerp.— Edeghem  bedt. — The  black  or  GIwi- 
coniferouB  Cra°r  of  Antwerp  was  meotioned  at  page  206.  a^  bearing  a 
considerable  affinity  to  that  of  Suffolk,  about  two-thirdg  of  the  6a 
shells  obtained  from  it  being  common  to  the  Suffolk  Coralline  Crag, 
and  gomewhat  leas  than  half  of  the  whole  being  of  living  species. 

About  the  year  1862,  an  important  discorery  whs  made  at 
Edeghem,  in  the  environs  of  Antwerp,  of  another  deposit  somewhat 
older  than  the  Black  Crag.  In  excavating  for  brick  earth,  thej  came 
upon  a  bed  of  argillaceons  sand,  in  which  no  less  than  152  fossils 
were  found,  comprising  145  mollusca  and  echinoderme,  and  some 
zoophytes  especially  a  large  species  of  Flabellum.  AU  these  have 
been  examined  and  tabulated  by  M.  NyK,  and  carefully  compared 
with  the  fossils  of  other  Miocene  and  Pliocene  deposits  of  Europe.* 
These  Edeghem  beds,  which  repose  on  Lower  Miocene  clay,  the 
"  Rupelian  "  of  Dumont,  are  most  nearly  related  by  their  fossils  to  the 
Black  Cr^  above  alluded  to,  but  they  betray  many  indications  of 
greater  antiquity.  Fifty-eight  of  the  species  are  new  to  the  Belgian 
tertiaries,  and  of  these  14  only,  or  about  25  per  cent.,  are  recent.  Of 
the  whole  145  Edeghem  shells,  52  are  considered  by  Nyet  as  living 
species,  besides  5  others,  which  are  probably  identical  with  the  liv- 
ing, making,  if  all  are  accepted,  a  proportion  of  39  per  cent.,  which 
is  decidedly  smaller  than  that  observed  in  the  Antwerp  Black  Crag 
(see  above,  p.  206.).  A  still  more  significant  indication  of  the  con- 
nection of  the  Edeghem  sands  with  an  older  or  Miocene  period  is 
afforded,  first,  by  the  fact  that  no  less  than  83  of  the  145  mollusca 
are  falunian,  ae  shown  by  M.  Nyst's  tables,  or,  in  other  words,  a  pro- 
portion of  56  per  cent,  are  specifically  identical  with  shells  occurring 
in  the  Upper  Miocene  beds  of  North  Germany,  Touraine,  the  Vienna 
basin,  the  Bordeaux  faluns,  and  other  localities  unquestionably  of 
Upper  Miocene  date ;  secondly,  what  is  perhapseven  more  in  favour 
of  their  antiquity,  there  occur  in  them  shells  of  the  genera  Cotmt, 
Ancillaria,  and  OUva,  all  of  which  are  not  only  wanting  in  the  Red 
and  Coralline  Crag  of  Suffolk,  and  in  the  Upper  and  Middle  Crags 
of  Antwerp,  but  are  also  absent  from  the  lowest  or  Black  Cn^  of 
Antwerp.  These  same  genera  are  also  met  with  in  the  strata  of  the 
Bolderberg  in  Belgium,  a  true  Upper  Miocene  formation,  the  fauna 
of  which  recedes  still  farther  from  that  now  existing  in  the  propor- 
tion of  its  sheila  of  living  species. 

Upper  Miocene  (?)  of  Belgittm  and  England. — Duif  Sandi.— 
M.  Nyst  is'of  opinion  that  the  formation  called  by  Dumont  the 
Diestian  is  of  the  same  ^e  as  the  sands  of  Ed^hem — a  concluaion 
which  is  probably  well  founded.  These  ferruginous  sands  and  sand- 
stones of  Diest  are  well  seen  near  the  town  of  that  nam^  about 
tbir^  miles  north-east  of  Brussels.  They  abound  in  green  grains, 
resembling  in  mineral  character  the  ferruginous  beds  of  the  Lower 
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GreeoMUid  in  Uia  eotith-eut  of  England.  The  atrata  contain  but  a 
■null  Dumber  of  fossils,  the  Tertbratula  grandu  being  one  of  the  few 
which  are  well  preserved.  The  Diest  sands  are  conspicuous  as  form- 
ing the  cappings  of  hills  stretching  from  Diest  b^  Louvain  and  west- 
ward \>y  Oudenarde  to  Cossel  in  French  Flanders,  where  they  are  seen 
St  the  summit  of  a  hill  515  feet  high.  After  having  been  thus  traced 
for  a  hnndred  miles  from  east  to  west,  they  are  again  seen  retaining 
the  same  mineral  character  for  another  hundred  miles  in  a  similar 
westward  direction,  first  capping  the  Downs  near  Folkestone,  and 
then  appearing  at  Tarions  points,  such  as  Paddlesworth,  Leuham 
near  Maidstone,  and  Vigo  Hill  near  Otford  in  Kent. 

The  geological  position  of  these  iron  sands  in  England  was  first 
made  out  by  Mr.  Prestwich,  who,  in  a  paper  read  to  the  Geological 
Society  of  London  in  18o7,  described  them  as  being  possibly  older 
il)sn  the  Coralline  Crag,  and  as  occurring  on  the  summit  of  the 
North  Downs  at  various  points  between  Folkestone  and  Dorking. 
Re  mentioned  their  resemblance  to  the  sands  at  Diest  in  Belgium, 
Ukd  that  they  contained  the  Terebratula  grandis,  and  casts  of  Aitarte 
pymla,  Emarginula,  and  other  foasilB,  oil  common  to  the  British 
Crsg.  After  the  publication  of  Mr.  Frestwich's  paper,  I  visited  with 
bim  the  principal  localities  in  Kent  to  which  he  had  called  attention, 
sod  saw  the  ferruginous  sands,  twenty  feet  thick,  resting  on  the  chalk 
near  the  edge  of  the  escarpment,  about  a  mile  N.E.  of  Folkestoae, 
Bud  agsia  at  Paddlesworth,  on  the  summit  of  the  Duvrns,  four  miles 
W.N.  W.  of  Folkestone,  where  the  sands  are  about  forty  feet  thick,  and 
vhere  they  occur  at  an  elevation  of  about  500  feet  above  the  sea. 
At  Lenham,  ten  miles  east  of  Maidstone,  fragments  of  the  more  coq- 
»^idat«d  ferrnginouB  layers,  full  of  casts  of  marine  shells  and  other 
fossils,  are  preserved  in  vertical  sandpipes,  which  penetrate  the 
white  chalk.  Here  I  saw  organic  remains,  reminding  me  of  those 
which  I  had  seen  in  1850  at  Kesaeloo,  near  Louvain,  in  the  "  Diest 
Sands,"  which  there  overlie  the  Limburg  or  Lower  Miocene  beds.* 
The  evidence,  both  in  Belgium  and  in  Kent,  being  derived  from 
casts,  consists  mainly  in  the  correspondence  of  genera ;  but  some  of 
the  species,  such  as  the  large  Terebratula  and  a  Turbinolia,  seem 
identical. 

We  cannot  determine  at  present,  in  consequence  of  the  dearth  of 
fossils  in  the  Diest  sands,  their  exact  relation  to  the  Edeghem  beds, 
or  whether  they  may  be  intermediate  between  the  Edeghem  and 
Bolderberg  strata,  but  we  may  at  least  afiirm  that  the  only  British 
strata  at  present  known  which  can  have  any  claim  to  be  regarded  as 
Upper  Miocene  are  the  ferruginons  sands  of  the  North  Downs  here 
alluded  to. 

Upper  Mioetnr.  of  iht  Boldtrberg  in  Belffium. — In  a  smsll  hill  or 
ridge  called  the  Bolderberg,  which  I  visited  in  ISol,  Gituated  near 
Hasselt,  about  forty  miles  E,N.E,  of  Brussels,  strata  of  sand  and 
grarel  occur,  to  which  M.  Dumont  first  culled  attention  as  appearing 
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to  constitute  &  northern  repreBenMtiTe  of  tbe  fiilutis  of  Toutuine. 

On  the  whole,  they  are  very  distinct  in  their  fossils  from  the  two 

upper  dirieions  of  the  Antwerp  Crag  before 

Fit.  i<^  mentioDed,    and   contain  ehelts  of  the  genera 

Oliva,  Contu,  AndUaria,  Pkurotonut,  and  Can- 

cfllaria  in  abundance.     The  most  common  shell 

li.V^m  ■  ,^B  Dufreinii,  Ba&t.;  and  constituting  uM.Bosquet 
observes,  a  smaller  and  shorter  varieij  of  the 
Bordeaux  species.* 
o;™  DujitimH.  Bull.  Boi-  Tiic  Upper  Miocene  strata  in  the  Bolderborg 
Srfr^iV^l^'iTCkV'M;  occur  at  tiie  height  of  about  200  feet  above 
the  lerel  of  the  sea.  Thej  are  covered  hj  tbe 
Diestian  sands  and  Iron  sandstone  already  described,  and  thej  repose 
on  Lower  Miocene  beds  called  Bapelian  by  Dumont.  So  far  as  the 
shells  are  known,  the  proportion  of  recent  species  ^rees  with  that 
in  the  faluns  of  Touraine,  and  the  climate  must  have  been  warmer 
than  that  of  the  Coralline  Crag  of  England. 

In  none  of  the  Belgian  Lower  Miocene  strata  could  I  find  any 
nummulitea  ;  and  M.  d'A.rchiac  had  previously  observed  that  the^e 
foraminifera  characterize  his  "  Lower  Tertiary  Series,"  as  contrasted 
with  the  Middle,  and  may  therefore  serve  as  a  good  test  of  age,  in 
the  North  of  Europe  at  least,  between  Eocene  and  Miocene.  The 
same  naturalist  informs  us  that  one  nummulite  only  has  ever  ;et 
been  seen  to  penetrate  upwards  into  the  middle  tertiary,  vis.,  Num- 
muliUi  intermedia,  an  Eocene  species.  It  has  been  found  in  the  hill 
of  the  Superga,  near  Turin,  in  Miocene  beds,  somewhat  older  than 
the  falunian  type  (see  above,  p.  207.). 

North  Germany. — We  learn  from  the  able  treatise  published  bj 
M.  Beyrich,  in  1853,  that  the  same  fossil  fauna,  which  is  so  mesgrely 
exhibited  in  the  Bolderberg,  is  rich  in  species  in  other  localities  in 
Nonh  Germany,  as  in  Mecklenburg,  Liiueburg,  the  Island  Sylt,  and 
at  Bersenbriick,  north  of  Osnabriick,  in  Westphalia,  where  it  was 
first  observed  by  F.  Komer.t 

Lower  Miocene,  Belgium. — It  was  stated  that  the  Bolderberg  beds 
rest  on  the  Rupelian  ol  Dumont,  a  Lower  Miocene  formation  best  seen 
at  the  villages  of  Supelmoude  and  Boom,  ten  miles  south  of  Antwerp, 
on  tbe  banks  of  the  Scheldt  and  near  the  junction  with  it  of  a  small 
Biream  called  the  RupeL  A  stiff  clay  abounding  in  fossils  is  exten- 
sivety  worked  at  the  above  localities  for  making  tiles.  It  attains  a 
thickness  of  about  100  feet,  and,  though  very  different  in  age,  much 
resembles  in  mineral  character  the  "  London  Clay,"  containing,  like 
it,  eeptaria  or  concretions  of  argillaceous  limestone  traversed  by 
cracks  in  tbe  interior,  which  are  filled  with  calc-spar.  The  shells, 
referable  to  about  forty  species,  have  been  described  by  MM.  Kyst 
and  De  Eoninck.     Among  them  Leda[wt  Nucula)  De*kayetia»a  (see 

■  L7ell  on  Bdgian  Teniaries,  Quart.     Btnerot  of  the  Bordeaux  fonil. 
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6g.  170.)  is  b^  fkr  the  most  abundant ;  a  fossil  uoknowD  m  jet  iu 
the  English  tertiary  strata,  but  when  young  much  resembliDg  Leda 
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amygdaloidet  of  the  London  clay  proper  (see  fig.  256.  p.  291>)- 
Amou°;  other  characteristic  shelta  are  Peeten  Hoemnghavtii,  and  a 
species  of  Casiidaria,  and  several  of  the  genus  Pleurotoma,  Not  a 
feir  of  these  teatacea  agree  with  English  Eocene  species,  such  ma 
Actaon  nmulalaa.  Sow.,  Cancellaria  evulia,  Brander,  Corbula 
pmtm  (fig.  171.),  and  Naitliliu  (Aturia)  ziczae.  They  are  accom- 
puied  by  many  teeth  of  sharlcs,  as  Lamna  conlortideiu,  Ag., 
OxyrluiM  xiphodoK,  Ag.,  Careharodon  helerodon  (see  fig.  240.), 
Ag^  and  other  fish,  some  of  them  common  to  the  Middle  Eocene 
■trata. 

Supelian  Clay  of  ffermsdorf,  near  Berlin. — Professor  Beyrich 
hss  described  a  mass  of  clay,  used  for  making  tiles,  within  seven 
miles  of  the  gMes  of  Berlin,  near  the  village  of  Hermsdorf,  rising  up 
from  beneath  the  sands  with  which  that  country  is  chiefly  over- 
spread. This  clay  is  more  than  forty  feet  thick,  of  a  dark  blueish- 
grey  colour,  and,  like  that  of  Rupelmonde,  contains  septaria.  Among 
oiber  shells,  the  Leda  Deihayetiana  before  mentioned  (fig.  170.) 
sbonnds,  together  with  many  species  of  Plevrotoma,  Valuta,  &c.,  a 
certain  proportion  of  the  fossils  being  identical  in  species  with  those 
of  Rupelmonde.  The  succession  of  the  Lower  Miocene  strata  of 
Belgium  can  be  best  studied  in  the  environs  of  Kleyn  Spawen,  » 
village  situated  about  seven  miles  west  of  Maestricht,  in  the  old 
province  of  Limburg  in  Belgium.  In  that  region,  about  200  species 
of  testacea,  marine  and  freshwater,  have  been  obtained,  with  many 
foraminifera  and  remains  of  fish. 

The  following  table  will  show  the  position  of  these  Belgian  or 
Limburg  beds  : — 

UrPEB   HlOCIHB. 

A.  Bolderberg  bedi.  Me  p.  333.,  Ken  near  HasselL 

LOWCR  HlOCBKB. 

B.  I.  NnciiU  Loam  of  Klejn  Spawen,  ume  f  Upper  Limborg  bedi. — Bapelian  of 
age  aa  the    daj  of  ItapelmoDde   V     IJumouL 
and  Boom.  J 

K  %.  FloTio-faariiM  bediof  Bergh,  Letben,  ?  Middle  Limburg  bed*. — UppvrTon- 
udotfaerpEaceiaeaTKleTii  Spairen.  t      grian  of  Dumont. 

K  3.  Haiine  green  sand  oT  Bergb,  Neere-  i  Lower  Jjnibnrgbeds. — Lower  Ton- 
pen,  ftc,  and  Tongrei^  near  Kleyn  L     grian  of  Dumont. 
Spairca.  J 
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UPI-Bk   EOCEKB. 

C.  CtilcM«oni  wndy  beds  of  Laekan,  near  Branela,  with  Qummnlitet,  k'^el 
«une  age  u  iti«  ■■  Sablei  Majuu "  of  the  Pari*  basin  and  the  Barton  cUf 
of  HampsMrs. 

The  uppermost  of  the  three  eubdiviBions  (B.  1.)  into  which  the 
Lower  Miocene  or  Limburg  series  is  separatetl  in  the  above  utUe, 
contains  at  Kle^n  Spawen  many  of  the  ssjne  fossils  as  the  clay,  sboTS 
mentioned,  of  Rupelmonde  and  Boom,  places  sixty  miles  N.W.  of 
Kleyn  Spaweo. 

The  lower,  or  Tongriaa  divisions,  B.  2.  and  B.  3.,  are  much  better 
developed  at  Eleyn  Spawen  than  B.  1.  The  first  of  these,  B.  2.,  con- 
sists of  several  allernationa  of  sands  and  marls,  in  which  a  greater 
or  less  intermixture  of  fluviatile  and  marine  shelb  occurs,  implying 
the  occasional  entrance  of  a  river  near  the  spot,  and  possibly  oscilla- 
tions in  the  level  of  the  bottom  of  the  sea.  Among  the  shells  sre 
found  Cyrena  temiitriata  (flg.  172.),  CerUAium  pUcatuntf  ham. 
(fig.  173.),  Bittoa  Chastdii,  Bosq.  (fig.  175.),  and  Corbula  pUam 
(fig.  171.),  four  shells  ail  common  to  the  Hempstead  or  British  Lower 
Miocene  beds  of  the  Isle  of  Wight,  to  be  mentioned  in  the  seqoel- 
With  the  above,  Lueina  TAieretuii,  and  other  marine  forms  of  Ac 
genera  Vetuta,  Limapiit,  Trochtti,  &c.,  are  met  with. 

In  B.  3.,  or  the  Lower  Tongrian,  more  than  100  marine  shells  have 
been  collected,  among  which  the  Oalrea  ventilabrum  is  very  conspi- 
cuous. Species  common  to  the  underlying  Brussels  sands,  or  the 
Upper  Eocene,  are  numerous,  constituting  a  third  of  the  whole  ;  but 
most  of  these  are  feebly  represented  in  comparison  with  the  more 
peculiar  and  characteristic  shells,  such  as  Ottrea  ventUabram,  Mif- 
tiltu  A'yitii,  Vbluta  tuturalii,  &c. 

Whether  this  Lower  Tongrian  should  be  classed  as  the  lowest 
member  of  the  Miocene  series,  or  as  the  uppermost  of  the  Eocene, 
or,  in  other  words,  as  the  marine  equivalent  of  the  freshwater 
gypsum  of  Paris,  is  a  question  not  yet  decided,  I  incline  at  present 
to  the  belief  that  it  is  somewhat  newer  than  the  Paris  gypsum,  but 
certainly  near  the  boundary  line  which  separates  the  two  systems. 
Its  relation  to  the  Upper  Eocene  deposits  of  England  or  the  Isle 
of  Wight  will  be  more  fully  discnssed  in  the  sixteenth  chapter, 
p.  27&. 

In  none  of  the  Belgian  Lower  Miocene  strata  could  I  find  any 
nunimalites  ;  and  M.  d'Archtac  had  previously  observed  that  these 
foraminifera  characterize  his  "  Lower  Tertiary  Series,"  as  contrasted 
with  the  Middle,  and  they  therefore  serve  as  a  good  test  of  age  be- 
tween Eocene  aod  Miocene,  at  least  in  Belgium  and  the  North  of 
France.* 

Between  the  Bolderberg  beds  and  the  Bupelian  clay  there  is  a 
ftreat  chasm  in  Belgium,  which  seems,  according  to  M.  Beyrich,  to 
be  tilled  up  in  the  North  of  Germany  by  what  he  calls  the  Stem- 

■  D'Arehiac,  Moaogr,  pp.  79.  100. 
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berg  beda,  *nd  irbich,  had  Dumont  found  tbem  in  Belgium,  he 
might  probably  haTe  termed  Upper  Rupelian. 


LOWBR  MIOCEHB   8THA.TA  OP  EHQLAHD. 

Htmpilead  bedi,  Iile  of  Wight. — We  have  already  seen  that  the 
Upper  Miocene  period  is  meagrely  and  somewhat  questionablj  re* 
presented  in  England  by  certain  ferruginoUB  sands  on  the  North 
DovDS,  of  the  age  of  the  Biestian  beds  of  Belgium.  The  Lower 
Miocene  period  is  more  decidedly  represented  by  certain  strata  in 
the  Isle  of  Wight,  the  true  age  of  which  was  not  recognized  until 
the  year  1852,  when  the  late  Edward  Forbes  observed"  that  there 
VM  a  series  of  tertiary  strata  near  Yarmouth  newer  than  those  of 
Biastead  and  Bembridge,  These  last  are  the  undoubted  equivalents 
of  the  Paris  gypsum,  being  charBcterised  by  the  same  species  of  Pa- 
liolheriitm,  Anoplolherium,  &c.,  as  those  described  by  Cuvier  from 
Uontmartre.  The  Lower  Miocene  deposits  alluded  to  are  170  feet 
in  thickness  and  rich  in  fossils,  and  have  been  called  the  Hempstead 
series,  from  a  bill  of  that  name  on  the  coast  near  Yarmontb.f  The 
following  is  the  succession  of  the  strata: — 

SCTBDITlBtQRS    Of   TBX    HKMPSTEAD    BEBIES. 

1.  Tbe  nppomost  or  Corbala  bedi,  coiuiatiDg  of  marine  uodi  and  cIhvi.  contain 
VaUta  BoAirri,  a  characteriitic  Loner  Miocene  ihelL,  Corbala  piwum.  fig.  171., 
a  *pecie«  common  to  ibo  Upper  Eocene  clay  of  Barton ;  Cyreaa  umutriala, 
fg.  17S-,  wrer^  CeriAia,  and  other  ihelli  peculiar  to  this  leries. 


t.  Next  below  are  Areriiirater  and  eitttaiy  narla  and  carbonaceona  claje,  in  the 
btaekiA-waier  portion  oTirbicli  are  found  abnudaniljCen'Mhunp'KaAiiii,  Lam., 
fg.  173.,  C.  ele$aNt,flg.  174.,  and  C.  MnoctajH;  eiMoRutoa  C%ai(flii,flg.  175_ 
a  Terj  common  Elejn  Spanren  shell,  and  which  occnn  in  each  of  the  four  sob- 
ilirUionf  of  the  Bempeteail  teries  down  to  ita  bate,  where  it  pauei  into  iha 
Bembridge  bedi.  In  tbe  fraahwatcr  portion  of  the  eame  beds  Fi^udina  knla, 
Ak.  176.,  occanv  a  ihell  ideniiiled  b;  some  concholoeiau  wi>h  a  «p«ciei  now 
liring,  P.  loueaAv;  also  KTeral  species  of  Zjnimnu.  PJanorAu,  and  Unio. 

3.  llw  next  Kiiee,  or  middle  freshwater  aod  estniij  marls,  are  distingaiehed 
bf  the  preeeac«  of  Mdania  /luciata,  Paludiiia  hula,  and  claji  with  CyprU; 
tbe  loweM  bed  contains  Cj/rtm  taailriala,  fig.  17S.,  mingled  with  Cmtitia  end 


4.  TIte    lower   freshwater  and   esinury   marla  contain   Mdania  coMaia,  Sow., 
MUamoptu,  Ik.     The  bottom  bed  iecarbonaceoiu,  and  called  iho  "Black  band," 

*  E,  Forbei,    QeoL    Quart.    Joum.,    with   Hampstead   Hill,    near   London, 

IgSS.  where   the  Lower  E.;cene  OT  Lomlon 

t  This  hill  muN  not  be  eonfutinded     Ulay  Is  capped  by  Middle  Eocene  sands. 
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in  which  Biftea  Chnttilii,  fig.  ITS.,  before  alluded  to,  i«  coniiDon.  'Hiii  bed 
conisiasBiuixnu^  of  Hempstead  sheila  with  those  of  the  underl.ving  Uppc 
Eocene  or  Bembridge  series.    The  mainmaliti,  among  which  is  Hyopoiao'a 


Cirilllnim  plicatwn,        ClriOilum  rkimm.  RIaoa  Cliaium,Vjlt,  PalatinlrmU. 

of  Wight. 

hovimu,  difFcr,  so  fsr  u  Ihej  are  known,  from  those  of  the  Bemhridge  beds. 
Among  the  plants.  Piofessor  Heer  has  recognized  foor  species  common  (o  ilia 
lignite  of  Borey  Tracey.a  Lower  Miocene  fonnation  presently  to  be  de«cril)ed: 
namely.  Stguoia  Gjultna,  Heer;  Andromeda  reticulata,  Eicing  ;  ffj/mp^aa  Dtrii, 
Heer;  and  Carpnlilia  Wtbileti,  Brong.*  The  aeed-TesKls  of  Chora  metfi- 
caginula,  Brong.,  and  C.  helecleret  are  characterislie  of  the  Hempstead  beds 
generally. 

The  Hyopotamus  belongs  to  the  hog  tribe,  or  the  same  family  as 
the  Anthrocotherium,  of  which  seven  epccies,  varying  in  size  from  the 
hippopotamus  to  the  wild  boar,  have  been  found  in  Italy  and  other 
parts  of  Europe  afisociated  with  tlie  lignites  of  the  Lower  Miocene 
period. 

Ligniu$  and  Clayi  of  Bovey  Traeey,  Devonthirt. — Surrounded  by 
the  granite  and  other  rocks  of  the  Dartmoor  hills  in  Devonshire,  is 
a  formation  of  clay,  sand,  and  lignite,  long  known  to  geologists  ts 
the  Bovey  Coal  formation,  respecting  the  age  of  which,  until 
the  year  1861,  opinions  were  very  unsettled.  This  deposit  is 
situated  at  Bovey  Trocey,  a  village  distant  eleven  miles  from  Elxeler 
in  a  south-west,  and  about  as  far  from  Tonjuay  in  »  uorth-weet 
direction.  The  strata  extend  over  a  plain  nine  miles  long,  and 
they  consist  of  the  materials  of  decomposed  and  worn-down  granite 
and  vegetable  matter,  and  have  evidently  filled  up  an  ancient 
hollow  or  lake-like  expansion  of  the  valleys  of  the  Bovey  and 
Teign. 

The  lignite  is  of  bad  qaality  for  economical  purposes,  as  there  is 
a  great  aidmixture  in  it  of  irou  pyrites,  aud  it  emits  a  sulphurous 
odour,  but  it  has  been  successfully  applied  to  the  baking  of  pottery, 
for  which  some  of  the  fine  clays  are  well  adapted.  Mr.  Pen  gel  ty 
has  confirmed  Sir  H.  De  la  Beclie's  opinion  that  much  of  the  upper 

:  LodJod, 


OgIC 


Cb.  XIV,]  LIGNITES  OP   BOVET   TRACET.  239 

ponioD  of  tbia   old  lacuatriae  formation  has   been  removed  by 
denodation.* 

At  tbe  aur&ce  u  a  dense  corering  of  cl&j^  and  gravel  with  aognlar 
stones  probably  of  the  Post-pliocene  period,  for  in  the  clay  are  three 
tpeciea  of  vQlow  and  the  dwarf  birch,  Setula  nana,  indicating  a 
climate  colder  than  that  of  Devonshire  at  the  present  day. 

fielow  this  are  Lower  Miocene  strata  about  300  feet  in  thickness,  in 
the  upper  part  of  which  are  twenty-Hix  beds  of  lignite,  clay,  and  sand, 
and  at  their  baae  a  fermginous  quartzose  sand,  varying  in  thickness 
from  two  to  twenty-seven  feet.  Below  this  sand  are  forty-five  beds 
of  sltemating  lignite  and  clay.  No  shells  or  bones  of  mammalia,  and 
DO  inaect  with  the  exception  of  one  fragment  of  a  beetle  {Buprettu)  ; 
in  a  word,  no  organic  remains  except  plants  have  as  yet  been 
fonnd.  These  plants  occur  in  fourteen  of  the  beds,  namely,  in 
tiiD  of  the  clays,  and  tiie  rest  in  the  lignites.  One  of  the  beds  is  a 
perfectmatof  the  debris  of  a  coniferous  tree,  called  by  Heer  Sequoia 
GmOtiiB,  intermixed  with  leaves  of  ferns.  The  same  Sequoia 
ie  spread  through  all  parts  of  the  formation,  its  cones,  and  seeds, 
and  branches  of  every  age  being  preserved.  It  is  a  species  snpplying 
a  Unk  between  S.  Langidnrfi  (see  flgs.  201,  202.  p.  260,  261-1  and  8. 
Stentbergi,  the  widely  spread  fossil  representatives  of  the  two  living 
trees  S.  aempervireni  and  S,  giganlea  (or  Wellington ia),  both  con- 
fined in  the  living  creation  to  California.  Another  bed  is  full  of 
the  large  rhizomes  of  ferns,  while  two  others  are  rich  in  dicotyle- 
donous leaves.  Jn  all  Professor  Heer  ennmerates  for^-nine  species 
of  plants,  twenty  of  which  are  common  to  the  Miocene  bed  of  the 
Continent,  a  majority  of  them  being  characteristic  of  the  Lower 
Miocene.  The  new  species,  also  of  Bovey,  are  allied  to  plants  of 
tbe  older  Miocene  deposits  of  Switzerland,  Giermany,  and  other 
continentalcODotries.  The  grape-stones  of  two  species  of  vine  occur 
is  the  clays,  and  the  leaves  of  three  species  of  fig,  seeds  also  sup- 
posed to  belong  to  three  new  species  of  Nysaa,  or  Tupelo  tree,  a 
genus  now  common  in  the  swamps  of  South  Carolina  and  Florida, 
two  species  of  Annona,  and  a  new  water-lily.  The  oak  aud  laurel 
have  snpplied  many  leaves.  Of  the  triple-nerved  laurels  three  or 
foar  are  referred  to  Cinnamomnm.  There  is  a  palm  also,  of  which 
Ihe  genns  is  not  determined.  Among  the  Froteaces  are  mentioned 
Ihyaiuiroidti  Hahteefolia  (fig.  198.),  D.  BanktutfoUa,  and  another. 
Among  the  ferns  is  the  well-known  continental  fossil  Lastraa 
tttriaea  (fig.  203,  p.  261.),  displaying  at  Bovey  as  in  Switzerland  its 
fructification. 

The  croziers  of  some  of  the  young  ferns  are  very  perfect,  and 
«'ere  at  first  mistaken  by  collectors  fur  shells  of  the  genus  t^anorhis. 
On  the  whole,  the  vegetation  of  Bovey  implies  the  existence  in 
Devonshire,  in  the  Lower  Miocene  period,  of  a  sub-tropical  climate, 
Scotland.— hie  of  Mull.— la  the  sea-clifi's  forming  the  head- 
land of  Ardtnn,  on  the  west  coast  of  Mull,  in  the  Hebrides,  several 

*  FluL  Tmna,  1SS3.    Fqpci  by  W.  Fengellj,  F.B.S.,  and  Di.  Oswald  liter. 
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btiiida  of  tertmrj  strata  conUiniag  leaves  of  dicotjrledonous  plants 
were  diBCovered  in  1851  by  the  Duke  of  Argyle."  From  hie  de- 
scription it  ftppeara  that  there  are  three  leaf-b^s,  varying  in  thick- 
ness from  1^  to  2^  feet,  which  are  interstratifled  with  volcanic  toff 
and  trap,  the  whole  mass  being  ftbont  130  feet  in  thickness.  A 
sheet  of  basalt  40  feet  thick  covers  the  whole  ;  and  another  columnar 
bed  of  the  same  rock,  10  feet  thick,  is  exposed  at  the  bottom  of  the 
cliff.  One  of  the  leaf-beds  consists  of  a  compressed  mass  of  leaves 
unaccompanied  by  any  stems,  as  if  they  had  been  blown  into  a 
marsh  where  a  species  of  Equitetvm  grew,  of  which  the  remains  are 
ptenti[\illy  embedded  in  clay. 

It  is  supposed  by  the  Duke  of  Argyle  that  this  formation  was 
accumulated  in  a  shallow  lake  or  marsh  in  the  neighbourhood  of  a 
volcano,  which  emitted  showers  of  ashes  uid  streams  of  lava.  The 
tu&ceous  envelope  of  the  fossils  may  have  fallen  into  the  lake  from 
the  air  as  volcanic  dust,  or  have  been  washed  down  into  it  as  mud 
fVora  the  adjoining  land.  Even  without  the  aid  of  oi^anic  remains 
we  might  have  decided  that  the  deposit  was  newer  than  the  chalk, 
for  chalk  flints  containing  cretaceous  fossils  were  detected  by  the 
Duke  in  the  principal  mass  of  volcanic  ashes  or  tuff,| 

The  late  fjdward  Forbes  observed  that  some  of  the  plants  of  this 
formation  resembled  those  of  Croatia,  described  by  TJoger,  and  his 
opinion  has  been  confirmed  by  Frofessor  Heer,  who  found  that  the 
conifer  most  prevalent  was  the  Sequoia  Langtdorjii  (figs.  201,  202.), 
also  Corylvs  grosse-denlala,  a  Lower  Miocene  species  of  Switzerland 
and  of  Menat  in  Auvergne.  There  is  likewise  a  plane  tree,  the 
leaves  of  which  seem  to  agree  with  those  of  Ptatannf  aceroida  (fig. 
187.  p.  252.),  and  a  fern  which  ia  aa  yet  peculiar  to  Mull,  Filicitea 
hebridiea,  Forbes. 

These  interestiug  discoveries  in  Mnll  naturally  raise  the  ques- 
tiou,  whether  the  basalt  of  Antrim  in  Ireland,  and  of  the  cele- 
brated Giant's  Causeway,  may  not  be  of  the  same  age.  For  ia 
Antrim  the  basalt  overlies  the  chalk,  and  the  upper  mass  of  it 
covers  everywhere  a  bed  of  lignite  and  charcoal,  in  which  wood, 
with  the  fibre  well  preserved,  and  evidently  dicotyledonous,  is  en- 
closed. The  general  dearth  of  strata  in  the  British  Isles,  inter- 
mediate in  age  between  the  formation  of  the  Eocene  and  Pliocene  pe- 
riods, may  ariae,  says  Frofessor  Forbes,  from  the  extent  of  dry  land 
which  prevailed  in  that  vast  interval  of  time.  If  land  predominated, 
the  only  monuments  we  ore  Kkely  ever  to  find  of  Uiqcene  date  are 
those  of  lacustrine  and  volcanic  origin,  such  as  the  Bovey  Coal  id 
Devonshire,  the  Ardtnn  beds  in  Mull,  or  the  lignites  and  associated 
basalts  in  Antrim. 

■  Quart.  Geol.  Jonm.,  1851,  p.  8B.  f  Ibid.  p.  80. 
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UIOCENE  POSHATIOtia  OF  OBRMAWr. 

Maymee  basin. — An  elaborate  description  h&s  been  published  \>j 
Dr.  F.  Sftndberger  of  the  Majence  terti&rj  area,  which  occupies  » 
tract  from  five  to  twelve  miles  in  breadth,  extending  for  a  great 
di'sUDDB  along  the  left  bank  of  the  Rhine  from  Majence  to  the 
aeighbonrhood  of  Uanheim,  and  which  is  also  found  to  the  east, 
north,  and  south-west  of  Frankfort.  M.  de  Eoninck,  of  Li^ge,  fir^st 
pointed  out  to  me  that  the  purelj  marine  portion  of  the  deposit  con- 
Uined  manj  species  of  shells  common  to  the  Elleyn  Spawen  beds, 
ind  to  the  c\a.j  of  Rupetmonde,  near  Antwerp,  Among  these  he 
mentioned  Cauidaria  deprtssa,  Trilonium  argutum,  Brander  (T. 
fit^drieunt,  De  Koninck),  Toraalella  timulata,  Aporrhait  Soiperbyi, 
Itda  DttAayesiana^fig.  170.  p.  235.),  Corbula  piium(&g.  111.),  wd 
Ptettmevliu  terebratmlarit, 

f^rst,  in  the  neighbourhood  of  the  above-mentioned  strata  of  the 
Hajence  baain  are  the  sands  of  Eppelsheim,  containing  Dinoiherium 
gigatUtum,   and    other   Faluniau   or   Upper  Miocene   quadrupeds. 
Next,  (he  nppermost  part  of  the  Mayence  series  conslstj  of  what  is 
ctQed  the  Littorioelta  Limestone,  which  contains  among  other  mam- 
nulia  Btppotkerinm  graeiU,  Acerotherium  (or  Rhinoceros)  incisivum, 
Paltomeiyx,  and  Chalicomyt,  all  indicating  a  Lower  Miocene  fauna. 
The  shell  (fig.  177.)  from  which  the  above-mentioned  limestone  is 
muted  much  resembles  the  recent  Litlorinella  (or  RisMoa)  ulna.    Each 
■bell  is  like  a  grain  of  rice  in  size,  and  they  are  often  in     fii.itt. 
inch  quantity  ss  to  form  entire  beds  of  marl  and  limestone, 
in  stratified  masses  from  fifteen  to  thirty  feet  in  thicknessi     t^-A 
j'utt  as  in  the  Baltic  modem  accumulations  several  feet    ^A 
thick  of  the  LUtorineUa  ulva  are  spread  far  and  wide  over     ^O 
the  bottom  of  the  sea.     In  the  some  beds,  several  species     j>a/»««. 
of  Dreiuma  abound,  a  form  common  to  the  Headon  or     '**^"'"- 
I/'^pper  Eocene  beds  of  the  Isle  of  Wight,  as  well  as  to  the  existing 

KIS. 

Among  the  plants  obtained  by  M.  Ludwig  from  argillaceous  strata 
of  the  Littorinella  limestone  series,  are  many  which  have  a  wide 
range  in  the  Miocene  period,  but  two  of  them,  says  Heer,  viz. 
IhyandroitUs  Banhsitrfolia  and  D,  argtila,  are  characteristic  of  the 
Lower  Miocene^  or  of  beds  below  the  faluns  or  Marine  Molasse  of 
Switzerland. 

Next  below,  are  marls  containing  Cyrena  temutriata,  Ceriihium 
pficatum,  C.  margarilaceum,  and  C.  Lamarekiu'  These  marls,  with 
the  underlying  clays  containing  Leda  Detkatfesiana,  are  regarded 
*■  t&e  Rnpelian  of  Dumont,  while  the  shell-bearing  sands  of  Wein- 
^"aBL,  near  Alzey,  are  supposed  to  be  somewhat  older,  and  the 
tqnivalents  of  the  Gr^  de  Foutainebleau. 

Upper  Miocene  btdt  of  the  Vienna  baiin, — In  South  Germany  the 

geseral  reoembUnce  of  the  shells  of  the  Vienna  tertiary  basin  with 

•  Sandb«i^er  Bnllot'iD.  torn,  xvii  p.  1S3.     1660. 
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those  of  the  faluos  of  Touraine  haa  long  been  acknowledged.  In 
Dr.  Hdrnee'  excellent  work  on  the  fossil  moUnscB  of  that  formation, 
we  see  accurate  figures  of  many  shells,  clearly  of  the  same  species 
as  those  found  in  the  falunian  sands  of  Touraine. 

According  to  Professor  Suesa,  the  most  ancient  and  purely  marine 
of  the  Miocene  strata  in  this  basin  consist  of  sands,  conglomerate!', 
limestones,  and  clays,  and  they  are  inclined  inwards  or  from  the 
borders  of  the  trough  towards  the  centre,  their  outcropping  edges 
rising  much  higher  than  the  newer  beds,  whether  Miocene  or 
Pliocene,  which  overlie  them,  and  which  occupy  a  smaller  area  at  an 
inferior  elevation  above  the  sea.  M.  Homes  has  described  500 
species  of  gasteropods,  of  which  he  identifies  one-fifth  with  living 
species  of  the  Mediterranean,  Indian,  or  African  seas,  but  the  propor- 
tion of  existing  species  among  the  lamelli-branchiate  bivalves  exceeds 
this  average.  Among  many  univalves  agreeing  with  those  of  AJrica 
un  the  eastern  side  of  the  Atlantic  are  Cypraa  tanguinolettta,  Btie- 
cinvm  lyratum,  and  Oliva  JUtmmulata,  lu  the  lowest  marine  beds 
of  the  Vienna  basin  the  remains  of  several  mammalia  have  been 
Ibund,  and  among  them  a  species  of  Dinolherivm,  a  Mastodon  of  the 
Trilophodon  family,  a  Rhinoceros  (allied  to  B.  ntegarhinwt,  Christol), 
also  Liitriodon,  Meyer  (of  the  hog  tribe),  and  a  carnivorous  animal  of 
the  canine  family. 

The  /Mix  turonensit  (fig.  45.  p.  30.),  the  most  common  land-shell 
of  the  French  faluns,  accompanies  the  above.  In  a  higher  member 
of  the  Vienna  Miocene  series  are  foand  Dinotherium  giganteum. 
Mastodon  longtrottris,  Rhinocerot  SchUiermackeri,  Acerotkerium 
incisivum,  and  HippolheriumgraciU,  all  of  them  equally  characteristic 
of  an  Upper  Miocene  deposit  occurring  at  Eppelaheim  in  Hes»! 
Darmstadt;  above  alluded  to.  M.  Alcide  d'Orbigny  has  shown  that 
the  foraminifera  of  the  Vienna  baein  difier  alike  from  the  Eocene  and 
Pliocene  species,  and  agree  with  those  of  the  faluns.  so  far  as  the 
latter  are  known.  Among  the  Vienna  foraminifera,  tJie  genus  Am- 
pkisUgina  (fig.   178.)  is  very  characteristic,  and  is  supposed    by 


iverhut,  D'Olb.      Upper  HUmnc  itriU,  Vi«uu. 

D'Archioc  to  take  the  same  place  among   the  Rhisopods   of  the 
Upper  Miocene  era  which  the  Knmmulites  occupy  In  the  Eocene 

The  flora  of  the  Vienna  basin  exhibits  some  species  which  have  a 
general  range  through  the  whole  Miocene  period,  snch  as  Cinna- 
mpolymorpkum  (fig.  188.),  and  another  species,  C.  Sehevehzeri, 
Hantra  Richardi,  Mich.  (fig.  205.),  Liquidambar  europteum 
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(fig.  160.),  Jttfflans  biimica,  Catiia  ambigua,  and  C.  lignitum.  With 
tiese  tre  »1bo  found  one  or  two  Older  Miocene  forms,  together  with 
some  of  the  Upper  Miocene  plants  of  QBningen  in  Switzerliuid,  such 
K  Plalaiuu  aeeroides  (fig.  Iti7.),  Myriea  vindobonentis,  Heer,  fkc. 

Lever  Miocene  bed*  of  Croatia. — The  Brown  Coal  ofRadaboj,  near 
Aogrun  in  Croatia,  not  far  from  the  borders  of  Styria,  b  covered, 
Mjs  Von  Bach,  by  beds  containing  the  marine  shells  of  the  Vienna 
liMin,  or  in  other  words,  by  Upper  Miocene  or  Falnnian  strata. 
The;  ^pear  t«  correspond  in  age  to  the  Mayence  ba^in,  or  to  the 
Softtlian  strata  of  Belgium.  They  have  yielded  more  than  200 
Bpeeies  of  fosail  plants,  of  whic'h  Professor  Unger  has  given  an 
sdmirable  description.  They  are  well  preserved  in  a  hard  mrrlstone, 
snd contain  several  palms;  among  thera  the  Sabal,  fig.  197.  p.  257. 
ud  aootber  genus  allied  to  the  date-palm  Phanieitet  speetabUit. 
Among  the  fossils  of  the  same  marls  we  also  find  a  fern,  which 
will  Im  mentioned  in  the  next  chapter  (fig.  195.  p.  256.),  called 
ffoodmartiia  BStmeriana.  The  only  abundant  plant  among  the 
Rsdaboj  fossils  which  is  characteristic  of  the  Upper  Miocene 
period  is  the  Papaivt  mtttabUis,  whereas  no  leas  than  fifty  of  the 
fi*dsboj  species  are  common  to  the  more  ancient  flora  of  the  Lower 
Koltsse  of  SvitKcrland. 

Theinsectfanna  is  very  rich,  and,  like  the  plants,  indicates  a  more 
tnjneal  clinute  tban  do  the  fossils  of  (Eningen  presently  to  be  men- 
tioned. There  are  ten  species  of  Termites,  or  white  ants,  some  of 
pigutic  sise,  uid  large  dri^on-fiies  with  speckled  wings,  like  those  of 
die  Southern  States  in  North  America ;  there  are  also  grasshoppers  of 
<wiridenible  size,  and  even  the  Lepidoptera  are  not  nnrepresented. 
In  one  instance,  the  pattern  of  a  butterfly's  wing  has  escaped  oblitera- 
tion in  the  marlstone  of  Badaboj ;  and  when  we  reflect  on  the  remote- 
oesi  of  the  time  from  which  it  has  been  faithfully  transmitted  to  us. 


VantHaPltiUiBM.iite.    Ijiir«r  Hlocoit,  RaUboJ.Crouli. 

">i^  fact  may  inspire  the  reader  with  some  confidence  as  to  the  re- 
luble  nature  of  the  characters  which  other  insects  of  a  more  durable 
■ntore,  such  as  the  beetles,  may  aflbrd  for  specific  determination. 

I  'Hw  VanesBft  above  fignred  retains,  says  Heer,  some  of  its  coloars, 

I  **A  corresponds  with  V.  Badena  of  India. 
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The  lignites  called  Brown  Coal  in  Genuftnj  belong,  for  the  most 
part,  to  the  Lower  Miocene  epoch.  Among  these  maj  be  mentioned 
those  of  the  Siebengebirge,  near  Bonn,  which  are  asaocialed  with 
volcanic  rocke. 

Frofeasor  Beyrich,  in  his  important  "  Memoirs  on  the  Tertiary 
Strata  of  the  North  of  Germany,"^  has  made  known  to  us  the  exiat- 
ence  of  a  long  succesEion  of  marine  strata  whieh  lead,  by  an  almost 
gradual  tranBitiou,  from  the  Sternberg  beds  (see  above,  p.  236.), 
approaching  in  age  to  the  falaus  of  the  Loire,  to  others  agreeing 
in  dute  with  the  Lower  Tongrian  of  Dnmont,  already  mentioned, 
p.  234.,  as  the  baae  of  the  Miocene.  In  conformity  widi  the  method 
which  I  formerly  adopted,  he  has  appropriated  the  term  Miocene 
exclusively  to  the  faluns  of  Tonraine  and  strata  of  that  age  ;  but  for 
all  the  formations  below  that  level,  as  far  down  as  the  Uppermost 
Eocene,  he  has  proposed  the  new  term  of  Oligocene.  The  Sternberg 
beds  are  called  Upper  Oligocene;  the  next  five  groups,  to  which  those 
of  the  May ence  basin,  amongst  others,  belong,  as  wellas  the  Calcaire 
de  la  Beauce  and  Fontaioebleau  Sandstone,  are  named  Middle  Oligo- 
cene; while  the  Egeln  beds  and  some  North  German  Brown  Co^s  of 
the  ageof  the  Lower  Tongrian  of  Dumont  are  called  Iiower  Oligocene. 
The  difficulty  of  drawing  a  boundary  line  between  these  last  forma- 
tions and  the  Eocene  is  precisdy  the  same  as  that  of  separating  the 
Lower  Miocene  and  Eocene  (as  defined  in  the  preceding  chapters)  in 
France andBelginm.  Afterfnllconsideration,itseems  tomemostcon* 
venient  to  accept  the  classification  so  long  adopted  by  many  writers, 
which  places  the  gypsum  of  Montmartre  as  the  uppermost  of  the 
Eocene  subdivisions  ;  and  if  it  can  be  demonstrated  that  any  part  of 
tbe  Tongrian  of  Dumont,  or  of  the  German  strata  classed  by  Beyrich  u 
Lower  Oligocene,  is  strictly  contemporaneous  with  the  Paris  gypsum 
or  the  Bembridge  strata  of  tbe  Isle  of  Wight,  I  should  then  separate 
them  from  the  Lower  Miocene,  and  consider  them  as  Upper  Eocene. 
We  are  now  arrivingatthat  stage  of  pn^ress  when  the  line,  wherever 
it  be  drawn,  will  be  an  arlutrary  one,  or  one  of  mere  convenience,  as 
I  shall  have  an  opportunity  of  showing  when  the  Upper  Eocene  forma- 
tions in  the  Isle  of  Wight  are  described  in  liie  sixteenth  chapter. 

Miocene  tirata  of  Italy. — We  are  indebted  to  Signor  Michelotti 
for  a  valuable  work  on  the  Miocene  sheik  of  Northern  Italy.  Those 
found  in  the  hill  called  the  Superga,  near  Turin,  have  long  been 
known  to  correspond  in  age  with  ^e  falans  of  Touraine^  and  they 
contain  so  many  species  common  to  the  Upper  Miocene  strata  of 
Bordeaux  as  to  induce  M.  Tournouer  to  conclude  that  there  was  a 
free  communication  between  the  northern  part  of  the  Mediterranean 
and  the  Bay  of  Biscay  in  the  Upper  Miocene  period.  In  the  hills 
of  which  the  Superga  forms  a  part  there  is  a  great  series  of  Tertiary 
strata  which  pass  downwards  into  the  Lower  Miocene.  Even  in  tbe 
Superga  itself  there  are  some  fossil  plants  which,  according  to  Heer> 
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bftTe  never  been  fonnd  in  Switierland  so  high  as  the  Marine  Molaese, 
Bach  M  Bankna  longi/olia,  and  CarpinuM  grandu.*  In  several  parts 
of  the  Ligurian  Apennines,  as  at  D^go  and  Carcare,  the  Lower 
Miocene  appears,  containing  some  Dammulitee,  and  at  Cadibona, 
north  oFSavona,  ireshwater  strata  of  the  aame  age  occur,  with  dense 
beds  of  lignite  enclosing  remains  of  the  Anthraeotherium  magnum 
ud  A.  MuntmutN,  besides  other  mammalia  enumerated  b;'  Gastaldi. 
In  these  beds  a  great  number  of  the  Lower  Miocene  plants  of  Switz- 
erlsod  have  been  discovered. 

Upper  Mioeette/ormationt  of  Grttee. — At  Pikerm4,  near  Athens, 
MM.  Wagner  and  Roth  have  described  a  deposit  in  which  they 
found  the  remains  of  the  genera  Mattodon,  Dinotkerium,  Hipparion, 
Anl^ope,  two  Giraffet,  and  others,  some  living  and  others  extinct. 
With  them  were  also  associated  fossil  bones  of  the  Senaio^iheeiu, 
showing  that  here,  as  in  the  South  of  France,  the  quadrumana  were 
characteristic  of  this  period.  The  whole  fauna  attests  the  former 
extension  of  a  vast  expanse  of  grassy  plains  where  we  have  now 
the  broken  and  mountainous  country  of  Greece — plains  which  were 
probably  united  with  Asia  Minor,  spreading  over  the  area  vhere  the 
deep  Egeau  Sea  and  its  numeroas  islands  are  now  situated. 
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CHAPTER  XV. 

KIOCEKE  rORUATiOMS — continued. 

Miocene  itnta  of  Switierland — Upper  Bfiocene  bedi  of  GJainpm — Importance 
of  FoHil  PUntE — Heer'i  work  on  the  Swlae  Mioceaa  flora— Fianu  and  inseeu 
of  (Eoingen  embedded  in  differant  waaoni— Fouil  [rniu  and  flowcn,  ai  well  m 
letiTes — Middle  or  Hariae  Holaiie  of  Switierland— Lower  Molaan,  or  Iiower 
Miocene — Dense  conglomeraLes  and  prooft  of  inbejdence — Foesil  tilanti  of 
Lower  Miocene  period  more  iropicBl — Frepoodenmce  of  arboretcent  ipeciee— 
Supposed  discordance  in  relatiTe  nnmberi  of  living  ipeciu  of  plants  and  ■hell* 
in  Upper  Miocene  formaiioni — Tbeorj  of  a  Miocene  AtUniii — Whether  (bs 
American  plantt  abounding  in  the  Miocene  of  Europe  migrated  bj  a  westerly 
or  an  eaiterlj  route — Objeclioos  derived  from  depth  and  widib  of  tba  Atlantic 
— Argumenta  in  faToar  of  a  Tnni-Aiiatic  migrMion — Miocene  fbeails  of 
Oregon— Agreement  of  Miocene  coraliof  the  Weit  ladiei  and  Europe  oppMed 
to  the  theorj  of  an  Atlantic  Continent— Upper  Miocene  formations  of  India — 
Bnb-Himalaran  or  Siwalik  Hills—Older  Pliocene  and  Mtoceoe  forauuicmt  in 
tiie  United  Suttee  of  America. 
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Upper  Miocene  bed*  of  (Eningen. — The  faluns  of  the  Loire  first 
served,  as  alreadj  stated  (p.  210.),  as  the  tfpe  of  the  Miocene  fonna- 
tions  in  Europe.  Thej  yielded  a  plentiful  harvest  of  fossil  shells 
and  zoophytes,  bat  were  entirely  barren  of  plants  and  insects.  In 
Switzerland,  on  the  other  band,  deposits  of  the  same  age  have  been 
discovered,  remarkable  for  their  botanical  and  entomological  trea- 
sures. 

We  are  indebted  to  Professor  Heer  of  Zurich  for  the  description, 
restoration,  and  classification  of  more  than  900  species  of  these  fossil 
plants,  the  whole  of  which  he  has  illustrated  by  excellent  figures 
in  bis  "Flora' Tertiaria  Helvetin."*  Id  this  great  work  he  hss 
achieved  for  the  botany  of  the  Tertiary  fbrmationa  what  his 
distingnished  predecessor,  Adolphe  Brongniart,  had  done  for  the 
fossil  plants  of  the  Primary  and  Secondary  rocks.  MM.  Unger 
and  Goppert,  by  their  able  descriptions  of  the  plants  of  die  Brown 
Coal  of  Germany,  had  already  prepared  the  minds  of  geologists 
to  expect  that  botany  would  one  day  play  almost  as  important  a 

*  This  work,  in  three  Tols.,cont4uning  climate  of   the  Swin  Miocene   strata 

1 5S  folio  plates  of  fossil  plants,  wM  pub-  appeared  in  isea,  edited  by  Prof.  Beer 

lished  at  Winterthnr  in  1S95-9,  and  a  and  M.   Cbarlee-Th.  Gandin,  entitled 

French  translation   of    those  chapter*  '  Bechercbes  snr  le  Climat  et  la  Tege- 

which  relate  to  the  geologj,  botan  j,  and  Ution  du  Faj*  Tertiair*." 
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part  u  conchology  in  enabling  ue  to  identify  and  classifj  the  middle 
iertiai7  strata.  But  no  small  scepticism  had  always  prevailed 
among  botanists  of  the  highest  attainments  as  to  whether  fossil  re- 
mains of  (he  T^etable  kingdom  coald  ever  afford  sufficient  data  for 
determining  the  speciea,  or  even  the  genera  or  families,  of  plants  of 
which  nothing  bnt  the  leaves  are  embedded  in  the  rocks.  In  truth, 
before  such  remains  could  be  rendered  available,  a  new  science  had 
to  be  created.  It  was  necessary  to  study  the  outlines,  nervation, 
and  microscopic  Btructare  of  the  leaves  with  a  degree  of  care  which 
bad.  never  been  called  for  in  the  classification  of  living  plants,  where 
the  flower  and  fruit  atForded  characters  so  much  more  definite  and 
satisfactory.  As  geologists,  we  cannot  be  too  grateful  to  those  who, 
instead  of  despairing  when  a  task  of  such  difficulty  was  preBent«d 
to  them,  entered  with  full  &ith  and  enthusiasm  into  the  new  and  un- 
explored field.  That  they  should  frequently  have  fallen  into  errors 
was  unavoidable,  but  it  is  remarkable,  especially  if  we  enquire  into 
the  history  of  Professor  Beer's  researches,  how  often  early  con- 
jectures as  to  the  genus  and  family  founded  on  leaves  alone  were 
afterwards  confirmed  when  fuller  information  was  obtained,  as,  for 
example,  when  the  flruit,  and  in  some  instances  both  fi-uit  and 
flovver,  were  found  attached  to  the  same  stem  as  the  leaves  which 
had  been  first  described.  Nor  should  we  forget  that  when  a 
skilful  botanist  has  devoted  his  powers  of  discrimination  to  the 
claesificaticn  of  the  leaves  according  to  their  forms,  veining  and 
loinute  or  microscopic  structure,  he  may  afibrd  the  most  important 
paheontological  assistance  to  the  geologist,  even  if  he  happen  to 
nu^  some  erroneous  guesses  as  to  the  generic  or  even  ordinal 
affinities  of  the  plants  in  question.  Hie  power  of  recognizing  the 
same  identical  fossil  in  two  distant  places  or  two  distinct  formations 
may  settle  a  dbputed  point  in  chronology,  where  there  is  no  other 
evidence  at  hand,  and  the  conclusions  drawn  from  such  data  as  to 
the  relative  age  of  the  beds  have  often  held  good,  even  when  it 
was  afterwards  proved  that  several  species,  or  even  genera,  had 
been  constructed  out  of  the  leaves  of  the  same  plant,  or  that  the 
fruit  and  leaves  of  one  and  the  same  tree  hod  been  referred  to  genera 
of  distinct  families. 

The  Mioceae  formations  of  Switzerland  have  been  called  Molatte, 
a  term  derived  from  the  French  mot,  and  applied  to  a  to/t,  incoherent, 
greenish  sandstone,  occupying  the  country  between  the  Alps  and 
the  Jnnb  This  molasse  comprises  three  divisions,  of  which  the 
middle  one  is  marine,  and  being  closely  related  by  its  shells  to  the 
falons  of  Touraine,  may  be  classed  as  Upper  Miocene.  The  two 
others  are  freshwater,  lie  upper  of  which  may  be  also  grouped  with 
the  faluos,  while  the  lower  must  be  referred  to  the  Lower  Miocene, 
as  defined  in  the  last  chapter. 

The  upper  freshwater  Molasse  may  first  be  considered.  It  is  best 
seen  at  (Eningen,  in  the  valley  of  the  Bhine,  between  Constance  and 
Schafiliatuen,  a  locality  celebrated  for  having  produced  in  the  year 
IT<X)  the  supposed  human  skeleton  called  by  Scbeucbier  "homo 
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diluvii  testis,"  a  fossil  afterwards  demonstrated  by  Cuvier  to  be  a 
reptile,  or  aquatic  salamaDder,  of  larger  dimenaions  than  even  its 
great  liviog  representative  the  salamander  of  Japan. 

The  CEningen  strata  conaiat  of  a  aeries  of  marls  and  limestones, 
many  of  them  thinly  laminated,  and  which  appear  to  have  alowlj 
accumulated  in  a  lake  probably  fed  by  springe  holding  carbonate  of  ' 
lime  in  solution. 

.  The  elliptical  area  over  which  this  freshwater  formation  has  been 
traced  extends,  according  to  Sir  Roderick  Murchison,  for  a  distance 
of  ten  miles  east  and  west  from  Berlingen,  on  the  right  bank  of  the 
river  to  Wangen,  and  to  CEningen,  near  Stein,  on  the  left  bank. 
The  organic  remains  have  been  chiefly  derived  from  two  quarries, 
the  lower  of  which  is  about  560  feet  above  the  level  of  the  Lake  of 
Constance,  while  the  upper  quarry  is  150  feet  higher.  In  this  last, 
a  section  thirty  feet  deep  displays  a  great  sncceseion  of  beds,  most  of 
them  splitting  into  slabs  and  some  into  very  thin  laminte.  Twenty- 
one  beds  are  enumerated  by  Prof.  Heer,  the  uppermost  a  blueish- 
grey  marl  seven  feet  thick,  without  organic  remains,  resting  on  alime- 
stone  with  fossil  plants,  including  leaves  of  poplar,  cinnamon,  Mid 
pond-weed  [J^tamoffetoM),  together  with  some  insects  ;  while  in  the 
bed  Ko.  4.,  below,  is  a  bituminous  rock,  in  which  the  Meulodon  an- 
ffvttidetu,  a  characteristic  Upper  Miocene  quadruped,  has  been  met 
with.  The  5th  bed,  two  or  three  inches  thick,  contains  fossil  fish,  e.g. 
Leucueiu  (roach),  and  the  larvs  of  dragon-flies,  with  plants  such  as 
the  elm  ( {/j^nuf),  and  the  aquatic  Chara,  Below  this  are  other  plant- 
beds  ;  and  then,  in  No.  9.,  the  stone  in  which  the  great  salamander 
{Atidria*  Seheuehxeri)  and  some  fish  were  found.  Below  this,  other 
strata  occur  with  fish,  tortoises,  the  great  salamander  before  al> 
luded  to,  freshwater  mussels,  and  plants.  In  No.  16.  the  fossil  fox 
of  CEningen,  GaUcynut  (Enimgentu,  Owen,  was  obtained  by  Sir  R. 
Murchison.  To  this  succeed  other  beds  with  mamoialia  (Lagomyt), 
reptiles  {Emyt),  fish,  and  plants,  such  as  walnut,  maple,  and  poplar. 
In  the  19th  bed  are  numerous  fish,  insects,  and  plants,  below  wbich 
are  marls,  of  a  blue  indigo  colour. 

In  the  lower  quarry  eleven  beds  are  mentioned,  in  which,  as  in 
the  upper,  both  land  and  freshwater  plants  and  mauy  insects  occnr. 
In  the  6th,  reckoning  from  the  top,  many  plants  have  been  obtained, 
such  as  Liquidambar,  Daphnogene,  Podogonium,  and  Elm,  together 
with  tortoises,  besides  the  bones  and  teeth  of  a  ruminant  quadruped, 
named  by  H.V.  TAejw  PaUomerj/a  tmine»s.  No.S.is  called  the  insect 
bed,  a  layer  only  a  few  inches  thick,  which,  when  exposed  to  the  fiBSt, 
splits  into  leaves  as  thin  as  paper.  In  these  thin  laminss  plants  such 
as  lAqvidambar,  Daphnogena,  and  Glgptoslrobut  occur,  with  tnna- 
merable  insects  in  a  wonderful  state  of  preservation,  usually  found 
singly.  Below  this  is  an  indi)[0-bluemarl,like  that  at  the  bottom  of  the 
liigfaer  quarry,  resting  on  yellow  marl  ascertained  to  be  at  least  thirty 
feet  thick. 

All  the  above  fossil-bearing  strata  were  evidently  formed  with 
extreme  slowness.     Although  the  fossiliferoug  beds  are  in  the  aggre- 
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g»ie,  not  more  than  a  few  jarda  in  thickness,  and  have  only  been 
eiatnined  in  the  small  area  comprised  in  the  two  quarries  just 
■Uuded  to,  they  give  ua  an  insight  into  the  state  of  animal  and  vege- 
uble  hfe  in  part  of  the  Upper  Miocene  period,  such  as  no  other 
rBgioo  in  the  world  haa  elsewhere  supplied.  In  the  year  ]  859,  Prof. 
H«er  had  already  determined  no  less  than  475  species  of  plants  and 
900  iDsects  from  these  <Eniiigen  beds.  He  supposes  that  a  river 
euiering  a  lake  floated  into  it  some  of  the  leaves  and  land-insects, 
Ugetber  with  the  carcases  of  quadrupeds,  such  as  the  great  Masto- 
Jon.  Occasionally,  during  tempests,  twigs  and  even  boughs  of  trees 
with  their  leaves  were  torn  off  and  carried  for  some  distance  bo  aa  to 
reteh  the  lake.  Springs,  containing  carbonaieof  lime,  seem  at  aome 
poiole  to  have  supplied  calcareous  matter  in  solution,  giving  origin 
locally  to  a  kind  of  travertin,  in  which  organic  bodiea  sinking  to  the 
bottom  became  hermetically  sealed  up.  The  laminae,  says  Heer, 
which  immediately  succeed  each  other  were  not  all  formed  at  the 
Mme  season,  for  it  can  be  shown  that,  when  aome  of  them  originated, 
Nrtain  planta  were  iu  flower,  whereas,  when  the  next  of  theae  layers 
vu  produced,  the  aame  plants  had  ripened  their  fruit.  This  infer- 
ence is  confirmed  by  independent  proofa  derived  from  insects.  The 
principal  inaect-bed  ia  rarely  two  inches  thick,  and  is  compoaed,  aays 
Heer,  of  about  250  leaflike  laminffi,  some  of  which  were  deposited 
ia  the  spring,  when  the  Cinnamomum  polymorphum  (p.  252.)  was 
in  flower  ;  othera  in  summer,  when  winged  ants  were  numoroua,  and 
when  the  poplar  and  willow  had  matured  their  seed ;  others,  again, 

FIcm  FIf.  1«1. 


in  aatnmn,  when  the  aame  Cinnamomum  pott/morphum  (fig.  188.) 
>u  in  fruit,  as  well  aa  the  liquidambar,  oak,  clematis,  and  many 
uiher  plants. 

The  ancient  lake  seems  to  have  had  round  its  borders  a  belt  of 
poplars  and  willowa,  countless  leaves  of  which  became  embedded  in 
the  mud-  Together  with  them,  at  some  points,  a  apeciea  of  reedt 
Anauh,  was  very  common. 
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One  of  the  most  chftrftcteristic  ahrube  is  r  pftpilionftceous  and 
leguminoas  plant  ot  an  extinct  genus,  called  by  Heer  Podogonium, 
of  which  two  species  are  known.  Entire  twigs  have  been  found 
(a,  fig.  180.),  with  flowers,  and  always  without  leaves,  the  flowers 
baring  evidently  come  out,  as  in  the  poplar  and  willow  tribe,  before 
any  leaves  made  their  appearance.  Other  specimens  have  been 
obtained  with  ripe  fruit  accompanied  bj  leaves,  as  shown  in  the 
branch  b,  fig.  180.  In  soma  specimens  are  seen  the  embryo  and 
cotyledons,  in  others  the  calyx  and  young  fruit.  The  leaves  resemble 
those  of  the  tamarind,  but  each  pod  contains  only  a  single  seed, 
whereas  the  pod  of  the  tamarind,  an  allied  genus,  contains  many 
seeds. 

In  flg.  181.  we  see  a  ripe  seed-veBBel  of  this  plant,  and  on  the  same 
thin  slab  a  winged  ant,  c,  Formica  lignilvin,  Heer.  Another  species 
of  ant,  also  with  wings,  has  been  found  associated  with  the  same 
Podogoniam  in  fructification,  from  which  fact  Professor  Heer  con- 
cludes that  it  ripened  iU  seed  in  summer,  at  which  season  alone 
swarms  of  perfect  male  and  female  ants,  having  their  wings  fully 
developed,  make  their  flights.  Such,  for  example,  is  the  habit  of  the 
living  Formica  hereuteana,  which  comes  very  near  to  F.  lignitum. 
In  the  same  slab,  at  d.,  is  a  portion  of  a  beetle  of  the  genus  Hister. 

The  Upper  Miocene  flora  of  CEoiogen  is  peculiarly  important,  iu 
consequence  of  the  number  of  genera  of  which  not  merely  the  leaves, 
but,  as  in  the  case  of  the  Podogonium  just  mentioned,  the  fruit  also 
and  even  the  flower  are  known.  Thus  there  are  nineteen  species  of 
maple,  ten  of  which  have  already  been  found  with  fruit.    Although 


UppH  Uloetiu,  (EiilDgoii  lUofouDil  Id  Loarcr  Mlosan*  of  SwIUHliod. 

in  no  one  region  of  the  globe  do  so  many  maples  now  flourish,  we 
need  not  suspect  Professor  Heer  of  having  made  too  many  species  iD 
this  genus  when  we  consider  the  manner  in  which  he  has  dealt  with 
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one  of  them,  Acer  triMatum,  figs.  182,  183.  185.  Of  this  plant  the 
namber  of  marked  varieties  figured  and  named  is  very  great,  and  no 
leas  than  threeof  them  had  been  consideredas  distinct  species  by  other 
botanists,  while  six  of  the  others  might  have  laid  claim,  with  nearlj 
equal  propriety,  to  a  like  distinction.  The  common  form,  called  Acer 
irilaAatum,  fig.  182.,  may  be  taken  as  a  normal  representative  of  the 
(Eniogen  fossil,  and  flg.  183.  as  one  of  the  most  divergent  varieties, 
having  almost  four  lobes  in  the  leaf  instead  of  three. 


We  have  a  remarkable  example  in  fig.  185.  of  the  preservation  of 
the  female  fiower,  enabling  the  botanist  to  recognize  the  resemblance 
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between  the  petals  of  the  Miocene  species  and  those  of  the  living 
Acer  rvbrum,  Sg.  184." 

In  like  manner  the  fossil  Bpecimen,  fig.  186.  b,  shows  how  much 
more  pointed  were  the  winged  appendages  of  the  seed-vessels  than 
are  those  of  the  most  nearly  allied  living  species,  fig.  184.  a. 

Among  the  genera  which  abounded  in  the  Miocene  period  in  £u- 

rope  ia  the  plane-tree,  PUitanvt,  the  fossil 

species  being  considered  bj  Heer  to  come 

■  nearer  to  the  American  P.  oecidentalU  than 

to  P.  orUntalit  of  Greece  and  Asia  Minor. 

Id  some  of  the  fossil  specimens  the  male 

flowers  are  preserved.  Among  other  points 

'  of  re^mblance  with  the  living  plane-trees, 

as  we  see  them  in  the  parks  and  squares 

of  London,  fossil  fragments  of  tlie  trunk 

are  met  with,  having  pieces  of  their  bark 

peeling  ofl*. 

Fintamu  att'oun  GBpp.  ^°  leaves  of  the  beech-tree  or  of  the 

sit.  i^dum*^  u"  ^'''KiUtM      chestnut  have  yet  been  found  in  any  Mio- 

(Ening™.  '     cene  strata  of   Switzerland,  although  in 

';<i.e«irfieratKi»iieo(pRiurpi.  formations  of  the  same  age  in  Germany, 

*.  iDd.  m.i.  or  p,ri«rp.  i>«.  .<»  ^^^^  ^^  ^^^  ^^  ^^^^  namely,  the  beech. 

have  been  detected.  Many  species  of  the  laurel  tribe  characterize 
the  flora  both  of  the  Upper  and  Lower  Miocene  strata  in  Switzer- 
land and  Germany,  especially  the  cinnamon  (see  £g.  186.).  The 
leaves  of  this  genus  are  easily  recognizable,  and  often  serve  as  useful 
guides  to  the  geologist  The  fruit  also  and  the  flower  are  found  at 
Q^ningen. 

Rf.  lu.  Fif.  in. 


Professor  Heer  observes  that  the  fruit  in  the  fossil,  fig.  189.  a,  ia 
more  oval  in  shape  than  that  of  the  recent  Japanese  plant,  C.  cam- 
phora,  b,  fig.  189.,  which  comes  nearest  to  it,  and  that  tiie  peduncle  is 
not  thickened  at  its  upper  end  as  in  the  living  one. 

•  Heer,  vol  iil  p.  19T. 

i.,|.,  II,  L.OOQk- 
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The  TiDe  of  CEnhigen,  Vitit  leutonica.  Ad.  Brong.,  is  of  a  Xorth 
AioericHi  tjpe,  approaching  nearest  to  Vitu  vulpina,  L. ;  both  the 
leiTM  ind  seeds  have  been  found  at  GJ^ningen,  and  bunches  of  com- 
pressed grapes  of  the  same  species  have  been  met  with  in  the  Brown 
Cod  of  Wetteravia  in  Germanj. 

No  lees  than  eight  species  of  smilsx,  a  monocot^IedoDOOS  genus, 
occur  st  CEningen  and  in  other  Upper  Miocene  localities,  the  flowers 
of  Mtme  of  them,  as  well  as  the  leaves,  being  preserved,  as  in  the  case 
of  tlie  very  common  fossil  S.  Magittifera,  fig.  190.  a. 


Plants  referable  to  no  less  than  five  genera  of  the  order  Proteat^etB 
Iiave  been  obtained  partly  irom  (Eningen  and  partly  from  the  lacus- 
trine fonnation  of  the  same  age  at  Locle  in  the  Jura.  These  five  genera 
■U  of  them,  except  the  last,  now  living  in  Australia,  are  the  following  : 
Banktia,  GrevUUa,  Hakea,  Penoonia,  and  Dryandroidet.  Of  Hakea 
bodi  the  seed-vessel  and  the  seeds  have  been  obtained,  so  that  they 
csa  be  compared  vith  the  recent ;  and  the  dimensions  of  the  fossil 
fruit  are  similar  in  size,  the  diflerence  in  d  and  b,  fig.  191.,  arising 
from  the  difiFbrent  scale  of  reduction  (see  description  of  figure). 


More  vrill  be  said  of  the  Proteaceie  when  I  treat  of  the  plants  of 
tbe  Lower  Miocene  period,  at  which  era  that  family  was  still  more 
prevalent  ia  Eorope.     lu  the  same  beds  i>t  Locle  with  the  Proteaceai 
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there  occurs  a  fan  palm  of  the  American  type  Siibal,  a  genus  which 
ranges  throughout  the  low  country  near  the  sea  from  the  CaroUnu 
to  Florida  and  Louieiana. 

Among  the  Contferffi  of  Upper  Miocene  age  is  foand  a  decidooBS 

FiE.  in.  cypress  uearljr  allied  to  the  Taxodium  daliehvm 

ofN. America, anda  Glffptoitrobtii,&g.  192.,Ter}- 

like  the  Japanese  G.  heterophyllus,  now  common 

in  our  shrubberies. 

It  was  elated   that  in   the  upper  quany  it 
(Eningen  the  remains  of  the  Mastodon  annul- 
tidftu  occur.  The  association  of  so  cbaracterisijc 
a  f^unian  fossil  with  the  flora  above  described 
is  important,  as  helping  to  settle  the  true  Upper 
GtnuttrvtmiimrMm.    Mioccne  date  of  these  beds.     M.  Ziegler  showed 
K^'v^to%''i'J!iipptr  ™*  '°  '*'®  museum  at  Winterthur in  Switierlfind, 
MiimiB,  (Eiiingm.         jn  J857.  two  fine  specimens  of  the  skulls  andjstB 
of  the  same  species,  one  young  and  the  other  adult,  determined  bj 
Dr.  Falconer,  which  bad  been  found  at  Veltheim  in  that  neighbour- 
hood, in  strata  belonging,  like  the  (Eningen  beds,  to  the  upper  fresh- 
wnter  molasse.     This  formation  is  there  seen  to  overlie  the  marine 
falunian  beds  of  Rorbas.     In  that  same  molasse  the  Podogonium 
Knorrii,  above  described,  and  Popultu  latior,  with  other  charac- 
teristic (Eningen  plants  have  been  met  with. 

Before  the  appearance  of  Heer'e  work  on  the  Miocene  Flora  of 
Switzerland,  Unger  and  Giippert  had  already  pointed  out  the  large 
proportion  of  living  North  American  genera  which  distingnished 
the  vegetation  of  the  Miocene  period  in  Central  Europe.  Next  in 
number,  says  Heer,  to  these  American  forms  at  (Eningen  the  Ea- 
ropean  genera  preponderate,  the  Asiatic  ranking  in  the  third,  the 
African  in  the  fourth,  and  the  Australian  in  the  fifUi  degree.  The 
American  forms  are  more  numerous  than  in  the  Italian  Pliocene 
flora,  and  the  whole  vegetation  indicates  a  warmer  climate,  though 
not  80  high  a  temperature,  as  that  of  the  older  or  Lower  Miocene 
period. 

The  conclusions  drawn  from  the  insects  are  for  the  most  part  in 
perfect  harmony  with  those  derived  from  the  plants,  but  they  bare 
a  somewhat  less  tropical  and  leas  Americu)  aspect,  the  South 
European  types  being  more  numerous.  On  the  whole,  the  insect 
fauna  is  richer  than  that  now  inhabiting  any  part  of  Europe.  No 
less  than  844  species  are  reckoned  by  Heer  from  the  (Eningen  bedj 
alone,  the  number  of  specimens  which  be  has  examined  being  5080. 
The  entire  list  of  Swiss  species  from  the  Upper  and  Lower  Miocene 
together  amount  to  1322.  Almost  all  the  living  families  of  Coleop- 
tera  are  represented,  but,  as  we  might  have  anticipated  from  the 
preponderance  of  arborescent  and  ligneous  plants,  the  wood-eating 
beetles  play  the  most  conspicuous  part,  the  Baprestidn  nnd  other 
]ong-horned  beetles  being  particularly  abundant.  There  are  also 
no  less  than  thirty  species  of  those  beetles,  of  whichthe  larvte  feed  on 
the  dung  of  mammalia,  implying,  says  Heer,  the  exiatence  of  a  great 
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manj  more  rDminants  id  tbe  dftj-s  of  tbe  CEningen  Lake  than  the 
tingle  one  of  that  class  known  to  us,  namelj,  the  Palaomeryx  emi- 
«M  of  Meyer.  There  were  also  Bpecies  of  the  carrion-feeding 
Sii/dia;  also  twenty-four  species  of  water-beetles  of  the  genera 
Dj/titeiu,  Hydrophilui,  &C. 
The  patterns  and  some  remains  of  the  colours  both  of  Coleaptera 

and  Bemiptera  are  preserved  at  CEningen,  as,  for  example,  in  the 

uiDexed  Sgnre  of  Harpactor,  in  which  the  antennie,  one  of  the  eyes, 

ud  the  legs  and  winga  are  retained. 

The  characters,  indeed,  of  many  of  "*■  "*■ 

Ibe  insects  are  so  well  defined  as  to 

inclioe  ns  to  believe  that  if  this  class 

of  tlie  invertebrata  were  not  so  rare 

■ad  local,  they  might  be  more  nseful 

tlun  even  the  plants   and  shells  in 

tetlliDg  chronological  points  in  geo- 
logy.* 
Few  of  the  genera  of  insects  are 

eitinct,  bat  many  of  them  imply  a 

geographical  distribution  widely  dif- 
ferent from  that  now  obtaining  in  the 

wne  part  of  the  world.     Thus,  for 

example,  in  this  Swiss  fauna,  there 

were  many  whita  ants  or  Termites, 

ud  dragon-flies  of  a  South  African 

>rpe  called  Agrion,  besides  several 

Indian  and  American  forms  referable  ""^""""^ill^ii^^li,.  "•''""'"' 

lo  various  orders. 
To  accoont  for  the  perfect  state  of  the  specimens,  Heer  supposes 

that  the  insects  which  sank  to  tbe  bottom  of  the  water  may  hare 

been  billed  by  mephitic  gases  which  rose  from  the  lake,  and  which 

were  connected  with  the  volcanic  eruptions  of  which  some  of  the 
prodacts  are  seen  at  Hochgau,  and  which  are  believed  by  Swiss 
geologists  to  have  taken  place  in  the  Upper  Miocene  period. 

BUddU  or  Marine  Molaite  (  Upper  Miocene)  of  Switzerland. — It 
*u  before  stated  that  tbe  Miocene  formation  of  Switzerland  con- 
(isted  of,  let.,  tbe  upper  freshwater  molasse,  comprising  the  lacuntrine 
marls  of  (Eningen ;  2dly,  the  marine  molasse,  corresponding  in  age  to 
the  falnns  of  Touraine ;  and  3dly,  tbe  lower  freshwater  molasse. 
Some  of  tbe  beds  of  the  marine  or  middle  series  reach  a  height  of 
2470  feet  above  tbe  sea.  A  large  number  of  the  shells  are  common 
to  the  faluDSof  Touraine,  the  Viennabaain,  and  other  Upper  Miocene 
loealitiea.  The  tfrrestrial  plants  play  a  subordinate  part  in  the 
fowiliferouB  beds,  yet  more  than  90  of  them  are  enumerated  by  Heer 
M  belonging  to  this  falunian  diyision,  and  of  these  more  than  half 

*  SetHeer*!  beantifal  figni^'wid  de-    Terhandelingen   trd   der   HolUndiche 

•nipuoni  of  CEningen  beetle*.  &c.,  in  Lha  Maatschappij  der  Weteniich,  &g.  Uaar- 
H«>dtm  TnuMclion*.     MUnrkandige    lent,  186S. 
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are  commoD  to  subjacent  Lower  Miocene  beds,  while  a  proportioD  of 
Kbout  45  in  B  hundred  are  common  to  the  overljing  (Eningen  flora. 
Twentyeix  of  the  92  species  are  peculiar. 

Lower  Molaue  {Lotoer  Miocene)  <^  Suritxerland. — Next  in  de- 
scending order  comes  the  Lower  Molasse,  almost  entireljr  of  fresh- 
water origin,  of  which  the  Upper  division  contains  211  species  of 
plants  and  the  Lower  no  less  than  336  species.  The  first  of  these 
two  is  called  in  Heer's  work  the  "Mayencien,"  Jt  being  supposed  to 
agree  in  age  with  the  strata  of  the  Majence  basin  already  described, 
while  the  lower  division  ia  called  the  "  Aquitanien,"  as  corresponding 
with  some  of  the  older  Miocene  beds  of  the  South  of  France.  But 
the  fossil  shells  bj  which  these  comparisons  have  been  made  appear 
to  me  to  be  at  present  too  few  in  number  to  enable  us  to  place  much 
reliance  on  such  identifications.  The  superposition,  however,  of  the 
Molasse  called  "  Mayencien  "  to  the  lower  beds  called  "  Aquitanien," 
which  last  are  well  seen  on  the  borders  of  the  L^ke  of  Geneva,  is 
perfectly  clear. 

To  the  upper  group  belong  the  sandy  marls  of  Eriz,  in  the  Canton 
of  Berne,  in  which  there  are  68  species  of  plants,  half  of  them  common 
to  the  CEningen  strata.  Among  the  North  American  forms  in  this 
locality  the  tulip  tree  may  be  mentioned,  a  species  very  closely  allied 
to  the  Liriodendron  tulipifera,  L. 


put  or  *  lur  irmfnHtod.  iboiilaf  Um  podtloft 

The  most  abundant  of  the  associated  plants  are  two  species  of 
cinnamon,  one  of  them  already  mentioned  as  frequent  at  C£ningen, 
C  polymorpkum,  flg.  1 88.  Next  to  these  in  number  come  species  of 
the  dogwood,  or  Comut,  of  the  hornbeam,  Carpinvs,  and  of  the  buck- 
thorn, Rhamntu.  Among  the  fir-tribe  or  conifene  is  a  Taxodiuni 
nearly  allied  to  the  deciduous  cypress,  T,  duliehum,  of  N.  America. 
Professor  Goppert  considers  it  the  same,  but  Unger  and  Heer  have 
pointed  out  differences,  showing  that  it  is  at  least  a  marked  va- 
riety. Among  the  ferns  is  found  a  Woodwardia  (see  fig.  195.),  so 
tike  the  living  fF.  radicant,  that  in  spite  of  the  large  sixe  and 
some  slight  diflercnces  in  the  shape  of  the  leaf  (a  part  so  often 
variable  ia  ferns),  it  may,  says  Heer,  be  aquestion  with  some  botanieta 
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whether  the  fossil  does  not  tigreo  speci6call}'  with  the  recent  plant. 
Yet  this  fem  rftnges  still  lower,  beiug  also  found  at  Monod,  a  localit7 
to  which  I  shall  presently  allude. 

Before  quitting  the  plants  of  this  tower  division  of  the  molaase,  I 
majr  mention  that  a  fan-palm,  Chtimirropt  Htlvttiea,  (fig.  196.),  oc- 
curs at  Utznach,  in  the  Canton  of  St.  Gall,  in  Lower  Miocene  strata 
somewhat  higher  in  the  aeries  than  those  of  Eritz.  This  genus  is 
now  Sonih  European,  Asiatic,  and  American. 


The  inferior  subdirision  of  the  Lower  Molasse,  called  Aquitanian 
in  Beer's  work,  is  best  seen  on  the  northern  coast  of  the  Lake  ot' 
Geneva.  The  beds  cousist  of  sandstone  and  conglomerate,  and 
are  nearly  2000  feet  thick.  The  conglomerates  are  often  very  un- 
eqaal  In  thickness,  in  closely  adjoining  districts,  as  might  be  expected, 
Mnce  in  a  littoral  formation  accumulations  of  pebbles  would  swell  out 
in  certain  places  where  rivers  entered  the  sea,  and  would  thin  out  to 
comparatively  small  dimensions  where  no  streams  or  only  small  ones  ' 
came  down  to  the  coast.  These  old  sbingle>beds  attain  in  the  Bigi, 
and  in  the  mountain  called  Speer,  near  Lucerne,  a  thickness  of  5000 
and  7000  feet. 

Nesrly  the  whole  of  this  Lower  Molasse  is  freshwater,  yet  some  of 
the  lowest  beds  contain  a  mixture  of  marine  and  fluvlatile  shells,  the 
Cfritkhtm  ntargaritaceum,  a  well-known  Lower  Miocene  fossil,  being 
one  of  the  marine  species.  Kotwith standing,  therefore,  that  some  of 
these  Lower  Miocene  strata  reach  an  elevation  of  6000  or  even  7000 
leet  above  the  sea,  the  deposition  of  the  whole  series  must  have  begun 
at  or  below  that  level.  For  ages,  in  spite  of  a  gradual  sinking  of  the 
coast  and  adjacent  sea-bottom,  the  rivers  continued  to  cover  the 
sinking  area  with  their  deltas ;  but  finally,  the  subsidence  l>eing  In 
excess,  the  sea  of  the  Middle  Molasse  gained  upon  the  land,  and 
marine  beds  were  thrown  down  over  the  dense  mass  of  freshwater 
ind  brackish -water  deposit,  called  the  Lower  Molasse,  which  had 
previously  accumulated. 

The  great  change  of  level  above  alluded  to  must  he  borne  in  mind 
if  ve  would  account  fora  phenomenon  by  which  geologbts  have  bsQU 
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mucb  puEiled ;  n&meljr,  the  fact  that  in  the  "iiBgelfloe,''as  the  conglo- 
meratea  are  called  by  the  Swiss,  pebbles  of  gneiss,  gnnito,  and  por- 
phjiy  are  common,  and  yet  no  such  rocks  now  enter  into  the  struc- 
ture of  the  Alps.  Along  the  original  coast-line,  when  the  pebble- 
beds  of  the  Lower  Miocene  were  forming,  there  ma.j  have  been  hills 
of  granite  and  gneiss  more  than  a  thousand  feet  high,  but  when  the 
subsidence  had  continaed  for  a  long  series  of  years,  these  would  all 
be  gradual I7  submerged  and  covered  over  by  fluviatile  sediment; 
for  the  e&ct  of  a  general  depression  going  on  at  a  faster  rate  than 
the  accumulation  of  sediment  is  to  cause  the  shore-line  to  retreat 
inland,  the  sea  occupying  auccessively  old  zones  of  coast.  In  the 
present  period  we  see  at  the  southern  base  of  the  Alps  in  Italy,  hills 
of  gneiss  and  porphyry  of  moderate  height,  although  rocks  of  this 
class  form  at  present  no  part  of  the  chain  itself,  and  these  crystalline 
formations  might  be  sabmerged  and  buried  under  deltas  derived  from 
the  detritus  of  the  higher  Alps,  if  the  level  of  the  whole  region  were 
to  be  lowered  bj  another  great  downward  movement. 

As  I  have  already  stated,  the  inferior  portion  of  the  Swiss  Lower 
Miocene,  called  Aquitaniac  by  Heer,  may  best  be  studied  on  the 
northern  borders  of  the  Lake  of  Geneva  between  Lausaane  and 
Vevay,  where  the  contiguous  rilUgea  of  Monod  and  Rivax  are 
situated.  The  strata  there,  which  I  have  myself  examined,  consist 
of  alteroations  of  conglomerate  sandstone  and  finely  laminated  marls 
with  fossil  plants.  A  small  stream  falls  in  a  succession  of  cascades 
over  the  harder  beds  of  puddingstone,  which  resist,  while  the  sand- 
atone  and  plant-bearing  shales  and  marls  give  way.  From  the  latter 
no  less  than  193  species  of  plants  have  been  obtained  by  the  exertions 
of  MM.  Heer  and  Gaudin,  and  they  are  considered  to  afford  a  t:me 
type  of  the  vegetation  of  the  inferior  subdivision  of  the  Lower 
Miocene  formations  of  Rwitserland — a  vegetation  departing  fHrlber 
'  in  its  character  from  that  now  flourishing  in  Europe  than  any  of  tbe 
higher  members  of  the  series  before  alluded  to,  and  yet  displaying 
so  much  affinity  to  the  flora  of  CEningen  as  to  make  it  natural  for 
the  botanist  to  refer  the  whole  to  one  and  the  same  Miocene  period. 
There  are,  indeed,  no  less  than  81  species  of  these  Older  Miocene 
plants  which  pass  up  into  the  flora  of  CEningen,  and  in  this  number, 
says  Heer,  are  many  of  those  which,  by  an  abundance  of  individuals 
and  by  their  arborescence,  must  have  constituted  a  leading  feature 
in  the  forests  of  that  era. 

Nearly  all  the  plants  at  Monod  are  contained  in  three  layers  of 
marl  separftt«d  by  two  of  soft  sandstone.  The  thickness  of  the  marls 
is  ten  feet,  and  vegetable  matter  predominates  so  much  in  some  layers 
as  to  form  an  imperfect  lignite.  One  bed  is  filled  with  large  leavra 
of  a  species  of  fig  {Ficvt  populma),  and  of  a  hornbeam  (Carpmiu 
grandU),  tho  strength  of  the  wind  having  probably  been  great  when 
they  were  blown  into  the  lake  ;  whereas  another  contiguous  layer 
contains  almost  exclusively  smaller  leaves,  indicating,  apparently,  a 
diminished  strength  in  the  wind.  Some  of  the  upper  beds  at  MoDod 
abound  in  leaves  of  Proteacese,  Cyperacete,  and  ferns,  while  in  gome 
of  the  lower  ones  Sequoia,  CinnamonwM,  and  Sparsf^wum  are 
i.,|.,  II,  L.OO^IC 
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coomao.  In  onu  bed  of  sandstone  the  trauk  of  a  large  palm  tree 
wu  found  nnaccompaiiied  by  other  fossils,  and  near  Vevay,  in  the 
stnie  series  of  Lower  Miocene  strata,  the  leaves  of  a  palm  of  the 
geons  Sabut  were  obtained  (see  fig.  197.  p.  257.)* 

Among  other  genera  of  the  same  class  is  a  Flaiellaria  occurring 
Deu  Lausanne,  and  a  m^niBcent  Pianieitet  allied  to  the  date 
pila.  When  these  plants  flonrished  the  climate  must  have  beea 
niich  hotter  than  now.  The  Alps  were  no  doubt  lower,  and  the 
ptlns  now  found  fossil  in  strata  elevated  2000  feet  above  the  sea 
grew  Dearly  at  the  sea-level,  as  is  demonstrated  by  the  brackish* 
wtter  character  of  some  of  the  beds  into  which  tbeywere  carried  by 
viods  or  rivers  from  the  adjoining  coast. 

Id  the  same  plant-bearing  deposits  of  the  Lower  Molnsse  in 
Switzerland  have  been  found  no  less  than  20  species  of  Proteacesu, 
to  order  already  spoken  of  as  being  well  represented  in  the  CEningen 
beds,  though  by  do  means  so  plentifully  as  in  these  Lower  Mioceno 
itnta,  and  which  were  sliU  more  strikingly  predominant  in  the  ante- 
cedent Eocene  and  in  the  still  more  ancient  Cretaceous  formations. 


Hf,  IM.    a.  tear  lit  DrgmminMa  BainfUm.    Low>r  HtouH.    |  m 
h.  nwUpurttDaDf  ihcHuiiiitnillHl'    (Hnr,  n,M,  Ir  II 


One  of  the  above  plants,  Dryandra  Sehrankii,  comes  very  near  to 
Ji.formtota,  K-  Brown,  a  living  Ifew  Holland  species,  and  is  con- 
lidered  by  Heer  as  "  homologous,"  but  the  leaf  only  of  the  fossil  is 
^oiTD.  Thia  is  one  of  the  species  which  characterizes  all  stages  of 
tbe  Lower  Miocene,  and  is  not  found  in  the  Upper.  It  also  occurs 
in  Great  Britain  in  the  Miocene  beds  of  the  Island  of  Mull,  in  the 
Hebrides,  and  in  the  lignite  of  Borey  Tracey,  in  Deronshii-e. 

The  Proteaa  and  other  plants  of  this  family  now  flourish  at  the 
Ctpeof  Good  Hope-,  while  the  Bankeias,  and  a  set  of  genera  distinct 
from  thoae  of  Africa,  grow  most  luxuriantly  in  th»  southorn  and 
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temperate  parts  of  Australia.  They  were  probably  iobabitants,  says 
Heer,  of  dry  hilly  ground,  and  the  stiff  leathery  character  of  their 
leaves  must  have  been  favourable  to  their  preservation,  allowing  them 
to  float  on  a  river  for  great  distances  without  being  injured  and  then 
to  sink,  when  water-logged,  to  the  bottom.  It  has  been  objected  by 
some  botanists  thnt  the  fruit  of  the  Proteacece  is  of  bo  tough  and  en- 
during a  texture  that  it  ought  to  have  been  more  commonly  met 
with,  instead  of  being  restricted  to  a  single  example  like  that  of  the 
Bakea  »aligna  before  mentioned  (fig.  191.  p.  233.)  ;  but  the  season  of 
fructifi cation  in  these  plants  may  not  have  coincided  with  that  of  the 
most  active  sedimentary  deposition,  and  there  may  be  other  reasons 
for  the  absence  of  the  fruit  of  which  we  are  at  present  ignorant. 
Some  mistakes  have  certainly  been  made,  and  Count  Saporta  bas 
shown  that  one  plant  formerly  referred  to  Dryandroide*,  and  of 
which  he  discovered  the  fruit,  really  belongs  to  the  bog-myrtle, 
or  aweet-gale  tribe  (Myrka).  But  there  is  no  reason  to  question 
the  general  accuracy  of  the  determination  of  the  fossil  Proteacee. 
Those  of  the  cretaceous  marls  of  Aix-la-Chapelle  were  formerly 
disputed,  but  fortunately  the  leaves  in  that  case,  notwithstanding 
■  their  antiquity,  are  so  much  better  preserved  than  any  known 
Miocene  plants,  that  their  epidermis  can  be  examined  microscopi- 
cally. A  leaf  from  Aix  which,  from  its  form  and  nervation,  had  been 
referred  to  the  genus  Grevillea,  was  found,  when  submitted  to  this 
test^  to  have  regular  and  polygonal  cellules  resembling  in  shape  and 
thickness  those  of  the  living  G. 
W|-  *"■  oUoidet  of  Australia. 

The  eight  or  nine  species  of  fig 
J.  J  (^Fieus),  which  are  met  with  at  Mo- 

]^k  nod  and  Rivac,  have  their   nearest 

living  analogues  in  the  hotter  parts 
of    India,    Africa,     and    America. 
Among   the  Coniferee  the    Sequoia 
here  figured  is  common  at   Kivaz, 
and  is  one   of  the  most   universal 
plants  in    the  Lowest   Uiocene    of 
Switzerland,  while  it  also  character- 
izes the   Miocene    Brown    Coals  of 
Sffuoia  Lam^oef^.    M,  Br.    J  nninnii  Germany  and    certain  beds    of   the 
jt..^RLT.j.  n«r  i^iiHDM^(H«rjH^i.  Val    d'Amo,    which   I   have  called 
L««rPii«™..v^tfA™>.  Older  Pliocene,  p.  195. 

^.ToungcoDt.  I'  '*  *"  interesting  fact  that  this 

tree  should  also  have  been  disco- 
vered in  the  surturbrand  or  lignite  of  Iceland,  and  by  Dr.  Walker  in 
Disco  Island,  in  Greenland,  in  lat.  70°  N.  It  comes  so  near  to  the  liv- 
ing 5.  sempervireng  (  Taxodium)  of  California,  that  some  botan  Ute  en- 
tertain doubts  whether  they  may  not  be  varieties  of  the  same  species 
As  a  fossil,  its  geographical  range  extends  from  Grreenland,  lat.  70"  N. 
to  Sinigaglia  in  Italy,  lat.  44"  N.,  and  in  an  east  and  M-eet  direc- 
tion from  the  Hebrides  (Isle  of  Mull)  to  the  Steppe  of  the  Kir^hie. 
Sir  John  Richardson  found  this  bame  fossil  tree  on  the  Mackenzie 

„,,,„,  i..oo8k- 
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BiTer,  two  miles  north  of  ite  junction  witb  Bear  River,  l&t.  65°  N., 
or  in  ibout  the  same  parallel  as  the  north  of  Iceland. 

I  am  indebted  to  Prof.  Heer  for  the  annexed  figure  of  this  North 
American  specimea  taken  from  the  original. 


AmoDg  the  ferns  met  with  in  profuBion  at  Monod  ie  the  Ltutriea 
i&''uua,  Uoger,  which  has  a  wide  range  in  the  Miocene  period  from 
slnia  of  the  age  of  C&uingen  to  the  lowest  part  of  the    Swiss 


tca.Une.    (Hsar'iFlon.PI.  I- 
Low<r  ud  Upper  MJocnw. 


In  some  specimens,  as  shown  in  the  annexed  figure,  the  fructifica- 
tion is  distiiicti;  seen. 

In  the  Upper  Miocene  flora  of  (Eningen  alreadjr  described  the 
number  of  forest  trees  and  evergreen  shrubs  is  very  great.  Their 
predominance,  however,  in  the  period  of  the  Lower  Miocene  was  still 
iDore  marked,  and  Is  characteristic  of  subtropical  ooantries.  No  less 
thu  two-thirds  of  all  the  ligneona  plants  were  evergreens.  , 
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Among  other  fefttures  which  cause  this  flora  to  reeemble  that  of 

Iforth  America  is  the  great  abundance  of  trees  of  the  order  Amenta- 

ceK,  such  aa  the  oak,  poplar,  alder,  birch,  willow,  hornbeam,  plane,  &c. 

The  papilionoceons  plants,  of  which  there  are  twenty-four  genera, 

are  the  moat   abundantly  represented  of  all   families,   both  in  the 

Lower  and  Upper  Miocene.     But  the  laurels,  of  which  there  are  only 

five  genera,    have   contributed  most  leaves  to  the  Miocene  strata. 

Among  these  several  species  of  Cinnamomum,  as  before  mentioned, 

are  very  conspicuous. 

Besides  C.  pclymorphum,  before  figured,  p.  252.,  another  species 

also   ranges   from   the    Lower   to  the 

Fi|.  Kt.  Upper  Molaese  of  Switcerland,  and  is 

very  characteristic  of  different  deposits 

of  Brown  Coal  in  Grermany.     It  has 

been    called   Cinnamomum   RoxtHots- 

leri  by  Heer  (see  fig.  204.). 

This  plant  is  nearly  allied  to  a  living 
North  Indian  species,  C  euealj/ptoides. 
The  leaves,  as  before  mentioned,  are 
easily  recognized  as  having  two  side 
veins,  which  run  up  uninterruptedly 
to  their  point. 

The  lowest  of  the  Swiss  Miocene 

beds,   the  sandstone  of  Ralligen,   on 

the  Lake  of  Thun,  in  which  S2  plants 

have  been  found,  contains  do  less  than 

6  species  in  common  with  (Eningea — a 

proportion  of  18  in  a  hundred.  Among 

them  we  flud  Taxodium,  closely  allied 

to  the  deciduous  cypress  of  the  Mis- 

ow— ™™jt«™a-fcrf,H«r.D<i,»-  sissippi,  also  a  pine,  an  arundo,  and 

7S!rij!!^''sL^^awu^\iaf!S,  ""^  of  the  Froteaceae,  Dryandroidet  lig- 

oaioMj.  nitum. 


Alleged  difference  in  the  degree  of  affinity  of  the  Upper  Miocene 
planlt  and  thellt  to  the  living  creation. 

Before  concluding  my  remarks  on  the  fossil  Flora  and  Fauna  of 
Switzerland,  I  may  say  a  few  words  on  the  embarrasscaeDt  which 
some  geologists  have  felt  in  consequence  of  the  alleged  anomaly  of 
the  results  derived  from  the  study  of  the  fossil  shells  as  compared  to 
the  fossil  plants  and  insects.  Ctf  the  shells  of  the  marine  Molasse 
which  underlies  the  freshwater  deposit  of  (Eningen,  a  fourth  or 
more  than  a  fourth  have  been  declared  by  able  couchologists  to  be 
of  species  still  existing,  whereas  all  the  plants  and  insects  have 
beeu  Bud  to  differ  from  living  ones.  On  looking  more  closely  into 
the  evidence,  we  shall  perhaps  find  that  this  supposed  mconaiBtency 
disappears. 

FrofesBor  He«r,  it  is  tme,  does  not  identify  any  Miocene  plants 
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*ith  liriog  Bpeciee,  but  he  has  ennroenited  72  species  which  he 
tana  "homologous,"  40  of  them  known  by  their  fruits  as  well  as 
iheir  leaves ;  and  although  he  is  opposed  to  the  doctrine  of  trans- 
mnitttDn,  be  admits  that  these  homologous  species  are  so  closely 
itlied  to  the  nearest  forms  now  living,  that  the  latter  may  be  their 
lioesl  descendants.  He  cannot,  be  sbjs,  decide  "  whether  the  Taria- 
tioD  baa  been  brought  about  by  some  influence  which  has  been 
exerted  continnously  for  ages,  or  whetber  at  some  given  moment  of 
put  time  the  old  types  were  struck  with  a  new  image." 

Sow  the  degree  of  relationship  here  implied  would  be  at  once 
teeepted  by  most  naturalists  as  constituting  specific  ideotity.  Let 
w  aappose  that  the  sessile  rariely  of  the  common  o^,  Querent 
rebtir,  had  been  only  known  to  us  as  a  fossil  from  CEniogen  and  not 
u  a  living  form,  and  that  the  other  living  variety,  in  which  the 
flower  and  acorns  are  supported  on  a  stalk,  was  the  only  form  now 
exiatiog.  The  first  of  these  would,  according  to  the  method  adopted 
it  PnteeaoT  Herr's  work,  rank  as  an  extinct  Miocene  species ; 
whereas  the  two  forms  now  co-existing  in  European  forests  are 
geaenllj  r^arded  by  botanists  as  mere  varieties.  That  such  a 
diatinctioB  would  have  been  made  by  Heer  we  are  entitled  to  infer 
fnm  the  manner  in  which  he  has  dealt  with  the  fossil  specimens  of 
s  plant  called  by  him  Planera  Ungeri.  To  the  leaves  and  fruit  of 
tbLj  tree,  which  is  allied  to  the  elm,  Unger  had  previously  given  the 
fame  of  ^.  Sichardi,  identifying  it  with  a  tree  now  living  in  the 


m,  ■  brvneh  num  SnlDim-  A.  fhilt  miiiiilflvd.  c.  I»r,  Sntoim. 

Csoeasna  and  Crete  ;  but  Heer  had  pointed  out  that  in  the  fosail 
Ae  sice  of  the  fruit  was  larger.  When,  however,  in  1861,  the  Swiss 
Pmfessor  riaited  with  me  the  rich  herbarium  of  Kew,  Dr.  Hooker 
•bowed  ns  a  living  variety  of  P.  Rithardi  in  which  the  fruit  was 
fnlly  as  big  as  in  that  of  (Eningen,  so  that  this  last  must  retain 
Cnger's  n»me,  and  (his  example,  if  there  were  no  other,  might 
nrfiee  to  w&m  os,  in  the  present  imperfect  state  of  onr  knowledge 
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liot  to  indulge  in  too  positive  a  belief  that  all  tlie  Miocene  epecin 
have  become  extinct. 

Out  of  the  72  homologona  species  above  mentioned,  67  are 
pbffinogamous  and  onl^  5  cryptogamous  ;  bat  it  may  well  be 
doubted  whether  among  the  49  Miocene  Cryptogamia  described 
ia  Heer's  Flora  Tertiaria,  a  much  greater  number,  perhaps  mora 
than  half,  might  not  with  propriety  have  received  (provision- 
ally at  least)  the  names  of  living  plants.  Heer  admits  tliU 
the  majority  come  very  near  to  ei- 
Fi»ioc  isting    species,    and   we  know  well 

how  wide  is  the  geographical  range  of 
the  ferns,  and  still  more  of  flowerleEB 
plants  of  lower  grades,  such  as  mossec, 
lichens,  and  fungi,  many  species  of 
which  are  cosmopolitan,  and  therefore 
fitted,  by  tlieir  adaptability  to  vary- 
ing conditions,  for  a  long  duration  in 

On  the  leaves  of  a  foesil  maple, 
Acer   trilobatum,  already  mentioned, 
fig.  183.  p.  251.,  a  small  body  is  fre- 
quently seen    resembling   the   living 
fungus    which     grows     on     maplef, 
called  by  Fries  SUytUma  aeerinum. 
It  is  tuberculated  and  crenulated  (see      | 
the  magnified  figure,  &).     The  fossil 
a.  fTt  <a  xittt  ot  jicmniatofm  wMh  ^^  made  so  deep  an  indentation  on 
cX<i'fl*i*?SJ^'"«tar.^«'''HMr!'*"  ^^  incumlwnt  and  subjacent  layer  of 
».nu(oi»«i'i«ro(ihefuniut,  marl  as  to   lead  Professor    Heer  to 

(H«r.Pi.iiJ.aF.^JO^Upp,r  mo«M,  j^fg^  j^^j  ;,  ^„   aomewbat  thicVet 
tfaan  tfae  living  form.     Instead,  there- 
fore, of  treating  it  as  a  variety,  be  has  called  it  R.  induratutn,  under 
which  title  it  helps  to  swell  the  list  of  extinct  Miocene  species. 

In  like  manner  there  is  a  minute  fungus,  called  by  Heer  Spha- 
ria  eeuthocarpoidet,  which  spots  the  leaves  of  Populut  ovalit  at 
Ot^ningen,  very  closely  resembling  the  living  Spkaria  ceutAoearpa 
of  Fries.  Some  botanists  would  think  it  very  hazardous  to 
assign  even  generic  names  to  such  objects,  and  still  inore  ntah 
to  decide  that  the  fossil  differed  specifically  from  its  living  ana- 
logue. 

Another  of  these  fungi  forming  block  spots  on  the  fossil  leftvee  of 
a  poplar  is  proved  in  like  manner  to  have  been  a  real  subatance,  and 
not  simply  the  effect  of  discolouration,  for  it  baa  left  indeoUitions 
both  on  the  under  and  overlying  layers  of  marl.  To  decide  that  ii 
is  not  a  living  species  would  require  far  ampler  data.  Some  botMnisls 
are  even  uncertain  whether  as  mucb  can  be  said  of  the  Fiopulut 
teUior  itself  of  CEningen,  on  which  the  fungus  grew,  and  of  which 
seven  varieties  are  described  by  Heer,  some  of  them  coming  very 
Tiear  to  tbe  Pt^iulvt  monilifera  of  North  America. 
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Similar  commeutB  might  be  made  on  the  long  list  of  homologous 
insects  given  b;  Heer  from  the  Miocene  strata  of  Switzerland. 
l^Kir  specific  distinctness  from  their  nearest  representatives  now 
liring  might  appear  to  the  soologiet  in  a  very  different  light,  accord- 
ing lo  tlie  state  of  mind  in  which  he  may  approach  their  study.  If 
lie  i»  refiecting  on  the  fact  that  all  the  Upper  Miocene  mammalia  and 
Bgreot  in^ority  of  tbe  testacea  ore  extinct,  and  is  then  endeavouring 
to  decide  wheUier  a  fossil  and  a  recent  form,  between  which  there  is 
t  close  affinity,  should  be  regarded  as  varieties  or  distinct  species,  it 
rosy  Mem  the  safest  course  to  incline  to  tbe  latter  alternative;  yet, 
by  giving  a  new  name  to  the  fossil  in  doubtful  cases,  a  serious  re 
ipOBsibility  is  incurred,  as  the  naturalist  thereby  commits  himself  to 
SD  sbeolute  negation  of  speci6c  identity  between  such  Miocene  and 
living  insects  and  plants.  If  it  be  right  lo  exercise  extreme  caution 
in  identifying,  it  is  equally  important  not  to  separate  individuals 
which  may  really  belong  to  the  same  species.  In  spite  of  the  sound- 
KMa  and  general  accuracy  of  the  conclusions  arrived  at  by  Professor 
Heer  after  such  great  and  conscientious  labours,  there  appears  to  me 
sn  inconsistency  in  one  of  his'results,  which  may  hare  been  owing  to 
■n  unwillingness  to  identify  Upper  Miocene  and  living  plants. 
When  we  consult  his  tabular  list  of  the  fossil  plants  of  Switzerland 
'We  find  that  a  great  number  of  species  pass  from  tbe  Aquilanian 
Flora  to  that  of  CEningen,  which  are  as  distant  from  esch  other  in 
*ge  as  are  the  Fontainebleau  aanda  flrom  the  Faluns  of  the  Loire. 
Bat  scarcely  one  plant  is  admitted  to  have  survived  the  shorter 
interval  of  time  which  separated  the  flora  of  CEningen  from 
oar  own  epoch.  1  say  shorter  interval,  because,  as  we  have  seen, 
p.  215.,  all  the  sheUs  of  the  Fontainebleau  sands  differ  from  those 
cf  the  Faluns,  whereas  a  fifth  part,  and  in  some  cases  a  third,  of  tbe 
shells  of  faluoian  deposits  are  still  living.  If,  therefore,  the  difier- 
estial  characters  of  the  plants  had  been  measured  in  the  same  scale, 
and  without  any  bias,  it  appears  to  me  that  since  many  of  them  page 
from  a  lower  to  one  of  the  uppermost  members  of  the  Miocene  group, 
w  a  still  greater  number  should  have  been  recognized  as  being  com- 
mon to  the  uppermost  Miocene  period  and  the  living  creation. 

Tkeorp  of  a  Miocene  Ailantit. — The  Swiss  plants  of  the  Miocene 
period  have  been  obtained  from  a  counlry  not  exceeding  one-fifth 
uf  Switrerlond  in  area,'  yet  the  abundance  of  species  in  certain 
genera  and  families  best  adapted  for  preservation  in  a  fossil  state  is 
K>  great  aa  to  demonstrate  that  the  Miocene  was  richer  than  the 
■Dodera  fiora,  rich  and  varied  as  tbe  latter  is  well  known  to  be.  The 
researeliea  already  made  imply,  according  to  Heer,  that  in  the  phieno- 
gsoions  class  alone  there  must  have  been  3000  Miocene  species,  and, 
making  due  allowance  and  deductions  on  account  of  those  which  are 
limiled  to  certain  subordinate  members  of  the  Miocene  group,  and 
«hich  may  not  all  have  existed  at  once,  be  comes  to  the  conclusion 
that  in  oo  equal  area  in  the  South  of  Europe  (in  Lombardy,  for 
example,  or  Sicily)  is  there  now  so  luxuriant  and  diversified  a  vege- 
iniioa.   It  exceeded  in  variety  the  Southern  8ute«  of  America,  such 
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u  Georgia  and  the  Garolinas,  and  rivalled  that  of  tropical  coustriea, 
such  as  Jamaica  and  Bahia, 

The  majorit7  of  the  foBfliI  formii  are  allied  to  living  species  or 
genera,  but  there  are  certain  extinct  types,  specific  and  generic, 
\rhich  have  a  iride  range  through  successive  tiers  of  strata  from  the 
lowest  Molasse  up  to  those  of  (Eniagen,  and  there  is  a  certain  unity 
of  character  stamped  on  the  whole  Miocene  flora  in  spite  of  the 
contrast  between  that  of  the  uppermost  and  lowest  formations.  The 
proofs  of  a  wanner  clintate,  and  the  preponderance  of  trees  and 
shrubs  over  herbaceoos  plants,  and  the  excess  of  evergreen  over 
deciduous  species,  are  chuacters  common  to  the  whole  flora,  but 
which  are  intensified  as  we  descend  to  the  inferior  deposits.  On 
the  other  hand,  the  comparative  number  of  American  forms,  though 
always  conspicuous,  is  somewhat  lessened  in  the  lowest  beds.  The 
living  American  types,  says  Heer,  are  the  most  prominent ;  those  of 
Kurope  are  in  the  second  rank  ;  those  of  Asia  in  the  third  ;  Africa 
in  the  fourth  ;  and  New  Holland  in  the  fifth.  In  Europe  it  is  the 
Mediterranean  r^ion  which  presents  the  greatest  number  of  analo- 
gouB  species.  In  America,  the  Southern  United  States,  such  as 
Louieiana,  Florida,  Greorgia,  and  the.Carolina8 ;  in  Asia,  Japan,  and 
the  countries  of  the  Caucasus  and  Asia  Minor  ;  in  Africa,  the  small 
islands  in  the  Atlantic,  such  as  the  Canaries  and  Madeira. 

If  we  consider  not  simply  a  mere  list  of  species  but  those  plants 
which  would  constitutethe  mass  of  the  v^etation,  the  European  part 
of  the  fossil  flora  is  thrown  still  more  in  the  background,  and  the 
foreground  is  occupied  by  America  with  its  numerous  evet^reen 
oaks,  maples,  poplars,  planes,  Liquidambar,  Robinia,  Sequoia,  Tax- 
odium,  and  temate-leaved  pines,  and  Japan  with  its  many  camphor 
trees  and  glyptoetrohns,  the  Atlantic  Islands  with  their  laurels,  and 
Asia  Minor  with  its  planera  and  Populus  mutabills.*  During  the 
Miocene  period  in  Europe,  there  was  a  singular  coexistence  of 
generic  types  of  plants  which  are  now  peculiar  to  America,  or  to 
Asia,  or  to  Africa,  or  Australia ;  in  a  word,  to  parts  of  the  globe  ex- 
tremely distant  from  each  other.  This  fusion  of  the  characters  now 
belonging  to  distinct  botanic^  provinces  becomes  more  marked  as 
we  go  back  to  the  Lower  Miocene  formations,  and  will  be  found  to 
be  still  more  strikingly  exemplified  in  the  antecedent  Ekicene  and 
Cretaceous  periods.  In  the  Lower  Miocene  formations  of  Central 
Europe  the  climate  seems  to  have  been  not  only  hotter  but  more 
uniform  and  humid,  and  this  humidity  would  favour  the  formation  of 
beds  of  lignite,  such  as  constitute  the  Brown  Coal  of  Germany. 

The  large  number  of  American  genera  in  the  Miocene  florft 
induced  Unger  to  suggest  that  the  present  basin  of  the  Atlantic 
was  occupied  by  land,  over  which  the  Miocene  plants  could  paas 
freely,  and  this  hypothesis  has  been  enlarged  and  advocated  with 
great  ability  by  Heer.  It  seems  at  the  first  glance  to  derive  mucfa 
support  from  the  fact  that  it  is  the  Eastern  or  Atlantic  side  o£  North 

*  Heer  and  Qandin,  p.  S9. 
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America,  or  thftt  which  is  neiu-est  to  Europe,  which  preseotB  the 
giratest  Damber  of  vegetable  forms  snatogouB  to  the  Miocene  flora. 
But  Dr.  Asa  Gray,  following  op  a  hint  thrown  out  by  Mr.  Ben- 
tham,  has  argned  with  great  force  that  it  is  far  mora  probable  that 
the  plants,  inatead  of  reaching  Earope  by  die  shortest  route  over  an 
imaginary  Atlantis,  migrated  in  an  opposite  direction,  and  took  a 
conrae  four  times  as  long  across  America  and  the  whole  of  Asia. 

If  the  evidence  in  the  botanical  scale  were  equally  balanced  in 
&Tonr  of  these  two  opposite  theories,  a  geologist  would  not  hesitate 
to  prefer  that  of  Dr.  Asa  Gray  as  demanding  an  incomparably 
smaller  amount  of  change  in  physical  geography  since  the  close  of 
the  Miocene  period.  It  is  true  tbat  since  the  beginning  of  that  era 
there  have  been  vast  alterations  in  the  level  of  the  Alps  and  con- 
tiguoDs  regions,  as  we  have  seen,  p.  257.,  and  in  the  Mediterranean, 
especially  the  £^eaa  Sea,  p.  243.  And  thera  was  perhaps,  as  the 
late  Edward  Forbes  contended,  an  extension  westward  of  European 
and  North  African  land  even  in  the  Pliocene  period.*  If,  inatead 
of  assigning  an  almost  historical  data  to  a  continental  condition  of 
the  area  between  Africa  and  the  Southern  States  of  North  America, 
snch  as  might  realise  the  story  of  the  Atlantis  spoken  of  by  the 
Egyptian  priests  to  Plato,  we  could  look  back  through  the  whole 
interval  which  separates  us  from  the  Eocene  or  Cretaceous  periods, 
we  might  then  indeed  freely  grant,  as  geologists,  any  amount  of 
change  tbat  may  be  required  in  the  position  of  land  and  sea.  All 
that  is  wanting  is  time  for  the  gradu^  development  of  a  long  aeries 
of  subterranean  movements;  that  being  conceded,  there  would  be  no 
exaggeration  in  the  lines  of  the  poet — 

"  Eutliqiiakea  haTe  railed  to  heiven  ths  hnmble  Tsle, 
And  guir*  the  momitaiii'a  mighty  man  entomlwd. 
And  where  the  Atlantic  rolta  wide  eontinentt  hsve  bloomed." — Btaltit. 


It  is  the  enormoQs  depth  and  width  of  the  Atlantic  which  makes 
Ds  shrink  from  the  hypothesis  of  a  migration  of  plants,  fitted  for  a 
■ub-tropical  climate  in  the  Upper  Miocene  period,  from  America  to 
Europe,  by  a  direct  course  from  west  to  eaat.  Can  we  not  escape  from 
this  difficulty  by  adopting  the  theory  that  the  forms  of  vegetation 
common  to  Recent  America  and  Miocene  Europe  first  extended  from 
east  to  west  across  North  America  and  piksaed  thence  by  Behring's 
8traitB  and  the  Aleutian  IsUuds  to  Kamt^chatka,  and  theuce  by  land, 
placed  between  the  40th  and  60th  paraltela  of  latitude  where  the 
Eurile  Islands  and  Japan  are  now  sitnated,  and  thence  to  China, 
from  which  they  made  their  way  across  Asia  to  Europe  ? 

If  that  be  the  case,  the  breaks  in  a  once  conttnuoas  province  of 
plants,  and  the  extinction  as  well  as  the  diminished  range  of  many 
species,  might  weU  have  been  caused  by  the  mighty  revolntions  in 
physical  geography  which  we  know  to  have  occurred  in 
parta  of  thia  area  in  Poet-mtocene  times. 


*  Sbo  Map,  ToL  ].  Fl.  7.    Uemolri  of  OeoL  Surrey,  &&,  1846. 


.oogic 


268  THEORY   OF  A   MIOCENE  ATLANTIS.  tCH.  XV. 

FrofeBJor  Oliver,  after  making  a  careful  aoalysie  of  Heer's  work, 
above  cited,  on  the  "  Tertiary  Flora  of  Switzerland,"  has  given  ue  an 
able  easny  on  the  bearing  of  the  valuable  aUire  of  facts  therein  con- 
tained  on  the  two  rival  theories  above  alluded  to.*  In  the  firet  place  be 
has  thought  it  safer  to  set  aside  all  the  cryptogsmia,  and  to  discard  a 
certain  number  of  the  phtenogamous  plants  as  having  been  doubt- 
fully determined  by  their  leaves  alone ;  but  after  these  deductions 
there  remain  about  800  plants  referred  to  196  genera  in  the  Hwiaa 
Miocene  flora.  It  is  of  course  nnderstood  that  some  of  these  deter- 
minations are  very  doubtful  in  the  absence  of  fruit  or  flowers,  but 
the  positive  data  which  remain  are  amply  sufficient  for  sound 
generaliiatione,  and  we  need  not  fear  that  these  will  be  materially 
shaken  by  future  discoveries.  The  reasoning  is  the  more  to  be 
relied  on  because  in  so  great  a  number  of  genera  only  twenty-one 
are  extinct,  fifteen  of  tbese  being, monocotyledonons  and  six  dico- 
tjledonoos. 

It  is  admitted  that  there  is  an  unquestionable  analogy  between 
the  Miocene  flora  of  Central  Europe  and  the  Recent  flora  of  North 
America,  and  that  the  an^ogy  is  greater  than  between  the  same 
fossil  flora  and  that  now  existing  in  Europe.  But  in  the  first  place 
it  is  remarked  by  Dr.  Asa  Gray  that  the  Swiss  Miocene  plants  are 
more  like  those  of  Japan  than  they  are  like  those  now  living  in 
Europe,  which  at  once  suggests  the  idea  that  the  American  plants 
may  have  taken  a  westerly  instead  of  an  easterly  route.  In  the 
next  place  it  is  remiirked  that,  if  we  travel  from  Europe  to  the  east, 
the  farther  we  go  the  more  we  find  the  living  vegetation  putting  on 
the  characters  of  the  Old  Miocene  flora.  Thus  in  passing  from  the 
Mediterranean  to  the  Levant,  the  Cftucasus,  and  Persia,  we  meet, 
says  Professor  Oliver,  with  ChamaropM,  Platanua,  Liguidambar, 
PleroearyOf  Juglan$,  Stc.  &c.,  then  we  trace  along  the  Himalaya  and 
through  China  other  Miocene  genera,  the  eastern  part  of  the  Asiatic 
continent  forming  with  Japan  one  great  botanical  region.  In  the 
Southern  American  States  eighty-eight  of  the  Miocene  genera  are 
now  represented;  but  Professor  Oliver  gives  a  table  to  show  that  if 
we  take  Europe,  Asia,  and  Japan  together,  as  before  suggested,  there 
are  no  less  than  120  Recent  genera  which  are  common  to  the  Swiss 
Miocene  flora.  Moreover  there  are  some  general  features  in  which 
the  living  fiora  of  Japan  is  more  like  the  Old  Miocene  vegetation 
of  Europe  than  is  the  living  flora  of  America.  For  example,  the 
nine  Tertiary  orders  which  are  numerically  the  largest  are  the 
following: — 1.  Gramineie  (grasses)  i  2.  Compusitffi ;  3.  Cyperacese 
(sedges)  i  4,  Salicacen  (willows)  ;  5.  Conifewe  (pines)  ;  6.  Legu- 
minosei  7.  Laurinen  (laurels);  8.  Acerinesa  (maples);  and  9. 
Froteaceie.  The  six  first  of  these  are  included  in  the  nine  largest 
orders  of  Japan,  and  only  four  of  them,  namely,  the  three  first  and 
the  sixth,  in  the  largest  orders  of  the  Southern  Slates  of  North 
America ;  and  further,  the  three  last  of  the  nine  are  much  more 
developed  in  Japan  tliau  in  the  Southern  Sutes. 
*  Nat.  Uml  Berieir,  IBsa,  p.  149. 


Co.  XV.]  THEOKT   OF   A   MIOCENE  ATLANTIS.  269 

Heer  estimatea  the  proportion  of  ligneoua  species  in  the  Swiss 
Miocene  as  exceeding  60  per  cent,  of  all  the  pluit«.  Professor 
Oliver  remarks  on  this  subject  that  in  Jftpan  thejr  constitute  40  per 
cent,  of  the  whole  flon,  and  only  22  per  cent,  in  that  of  the  Southern 
United  States.  There  are  seventy-seven  genera  common  to  the 
recent  fiora  of  Japan  luid  to  the  European  Mioceae  strata,  and 
nearly  the  same  number  are  common  to  the  tertiary  and  the  living 
flora  of  Europe  ;  but  the  genera  which  are  commoa  in  these  two 
instances  are  by  no  means  the  same,  and  no  less  than  twenty-six  of 
the  Japanese  list  are  wanting  in  Europe,  having  become  extinct 
there  since  the  Miocene  period.  Not  a  few  of  these,  such  as  Cinna- 
momvm  and  Gli/ptoslrobus,  play  a  conspicuous  part  among  the  fossils. 

In  order  to  understand  the  disappearance  of  so  many  forms,  we 
have  only  to  call  to  mind  the  great  geographical  changes  already 
alluded  to,  which  are  known  to  have  taken  place  in  Eastern  Europe 
and  Western  Asia  since  the  Miocene  era.  It  seems  at  first  sight 
an  anomaly  that  the  plants  on  the  eastern  side  of  North  America 
ahould  agree  more  closely  with  those  of  Japan  than  does  the  flora  of 
the  intervening  countries,  Oregon  and  California,  west  of  the  Rocky 
Mountains.  It  would  naturally  lead  us  to  conjecture  that  many  of 
the  Miocene  genera  of  Europe  now  found  only  on  the  Atlantic  side  of 
North  America  may  once  have  ranged  to  the  Paciflc  side.  In  favour 
of  such  an  hypothesis,  it  maybe  mentioned  that  in  1859Le8guereux 
discovered  in  a  fossil  state  in  Vancouver's  Island  and  in  Oregon  many 
of  the  Miocene  genera  which  are  no  longer  represented  in  the  flora  now 
living  on  the  west  side  of  the  Rocky  Mountains.  Among  these  there 
is  a  Gnnatnomum  resembling  C.  RoumSstleri,  see  fig.2u4.,  a  planer- 
tree,  like  Ptanera  Richardi,  a  Glyptattrobttt  like  G.  (Eningeiuw, 
Br.,  and  a  fan  palm,  besides  willows  and  maples,  the  whole  assem- 
blage implying  a  warmer  climate  in  Oregon  in  the  Miocene  period, 
and  also  pointing  to  the  spread  of  a  similar  vegetation  across  the 
whole  American  continent  in  ancient  times. 

In  support  of  the  Atlantis  theory,  Heer  has  pointed  out  that  cer- 
tain American  genera,  such  as  Oreodaphne,  closely  related  to  O. 
fcetent  or  the  Til,  also  Clelhra,  Byttrcpogon,  CedroneUa,  and  others, 
are  common  to  the  Miocene  of  Europe,  and  to  the  flora  of  Madeira 
and  Porto  Santo,  and  to  that  of  the  Canaries  and  Azores.  Had  the 
nomber  of  genera  proper  to  these  islands,  especially  to  the  Aiores, 
l)een  very  considerable,  this  argument  would  be  entitled  to  have 
great  weight,  for  such  Atlsntic  islands  would  then  appear  to  have 
been  the  last  remnants  of  a  lost  continent  over  which  a  continuous 
vegetation  once  ranged  from  west  to  east.  But  Professor  Oliver 
tnily  observes  that  the  botanical  types  having  the  geological  and 
geographical  relations  required  by  the  hypothesis  are  extremely  few 
in  the  Atlantic  islands.  Moreover  two  of  those  above  cited,  Cielhra 
and  Cedroaella,  are  of  little  or  no  value,  as  species  of  both  of  them 
now  grow  in  Japan,  and  some  of  the  other  plants  may  have  reached 
the  Atlantic  islands  at  the  time  when  these  were  united  wiih 
Barbary,  and  Barbary  with  Europe,  at  which  same  period  many 
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European  land-ahells  tnd  planta  notr  flourishing  ia  Madeira  Aod 
Porto  Santo  may  have  migrated  thither. 

The  existeDce  of  a  continuous  land  oommunicatioD  between  Eastern 
America  and  Western  Europe  in  the  Pliocene  period,  bj  means  of 
which  many  plants  migrated,  before  the  Glacial  period,  from  one 
region  to  the  other,  was  suggested  b;  Mr.  Darwin  in  his  "  Origin 
of  Species"  (chap,  xi.,  1859);  and  Dr.  Letdy  has  observed  that 
a  like  continuity  of  land  from  east  to  west  is  implied  by  the  identity 
of  some  of  the  extinct  Pliocene  mammalia  of  the  Niobrara  Valley  in 
Nebraska  with  those  of  a  corresponding  geological  age  in  Europe, 
The  ideal  map  given  by  Heer  of  the  Atlantis  represents  a  continent 
as  large  as  Europe  precisely  in  that  portion  of  the  Atlantic  Ocean 
which  is  now  the  broadest  snd  deepest.*  The  depth  has  been  lately 
shown  to  range  in  the  central  parts  from  two  to  three  miles.  To 
suppose  that  a  continent,  therefore,  was  so  situated  up  to  the  dose 
of  the  Miocene  period,  when  the  American  types,  as  seen  attEningen, 
were  most  dominant,  would  imply  a  prodigious  amount  of  subsidence 
in  a  comparatively  brief  period.  In  the  lifetime  of  a  single  genera- 
tion of  men,  plants,  of  which  the  seeds  have  been  unintentionally 
transported  to  a  distant  coast,  have  made  their  way  for  many  miles 
into  the  interior  without  human  aid.  A  botanist,  therefore,  might 
form  some  rude  estimate  of  the  nnmber  of  centuries  which  would  be 
required  for  an  assemblage  of  plants  to  spread  over  land  several 
thousand  miles  in  extent  from  east  to  west;  but  no  geologist  would 
venture  to  estimate  the  t^ea  required  to  convert  as  many  thousand 
miles  of  laud  into  a  diallow  eea  and  then  turn  that  vast  shoal  into 
a  sea-bottom  two  or  three  miles  deep. 

Even  if  we  were  called  upon  to  imagine  that  the  Miocene  flora 
originated  in  the  Southern  United  States,  in  Greorgia  and  the  Can- 
linas  for  example,  and  that  they  made  their  way  overland  westward 
for  a  distance  of  16,0CX)  miles  to  Europe,  we  might  conceive  such  k 
migration  to  be  performed  in  a  mere  fraction  of  the  period  which  it 
would  take  to  convert  Africa  or  North  America  into  an  ocean  as 
deep  as  the  Atlantic 

Behring's  Straits  do  not  exceed  in  depth  and  vridtb  the  Straits  of 
Dover,  so  that  the  former  union  of  North  America  with  Awa  would 
demand  only  a  alight  change  of  level,  and  the  present  existence  of 
Bucb  chains  of  islands  as  the  Kurile  and  Aleutian  makes  it  easy  to 
imagine  that  there  may  have  been  a  post-miocene  connection  be- 
tween Kamtschatka,  Japan,  and  Ciitna.  Independently,  therefore,  of 
the  botanical  arguments  in  favour  of  a  migration  from  east  to  west, 
this  latter  theory  involves  us  in  far  less  hazardous  speculations  as  to 
geographical  change  than  that  of  a  Miooeue  Atlantis. 

We  are  not,  however,  entitled  to  take  for  granted  that  some  of  the 
American  types  may  not  have  crossed  to  Europe  in  high  Northern 
latitudes,  when  Greenland,  Iceland,  and  the  Hebrides  were  united 
by  a  continuous  land  communication.    And  in  supportof  this  view  it 
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may  be  urged  tlwt  a  Miocene  flora  has  been  discoverecl  in  several  puts 
of  tbe  Arctic  Unds,  especiallj  in  Diaco  Island,  in  Greealand,  laL 
70^  N^  and  in  Iceland,  and,  aa  above  mentioned,  p.  239^  in  tbe 
Islaod  of  Mull  in  the  Hebridea.  Bat  in  the  first  place,  in  reference 
to  these  northern  miocene  deposita,  it  may  be  observed  that  palma 
and  other  tropical  forma  are  wanting  ;  and  secondly,  the  depth  of 
tbe  ocean  in  the  r^iona  allnded  to  is  very  great.  Sir  L.  Hac- 
Clintoch,  when  eoanding  for  the  propoaed  submarine  telegr^ih, 
foond  a  depth  of  4092  feet  between  Scotland  and  Iceland,  and  again 
a  depdi  of  no  less  than  9432  feet  between  Iceland  and  Greenland. 
PoBsibly  the  namber  of  fathoms  might  not  be  so  great  if  a  survey  of 
the  Arctic  Seas  were  made  in  a  still  more  north- westerly  direction 
from  Iceland  to  Greenland,  bat  we  hare  no  data  at  present  which 
favonr  thia  notion. 

Upon  the  whole,  the  theory  which  derives  the  American  types 
from  the  east  instead  of  the  west  seems  by  far  the  most  natural,  Koi 
it  seems  to  acquire  still  more  claims  to  our  favour  when  we  study  the 
fossil  shells  and  corals  of  that  ancient  period  as  well  as  the  plants. 
In  1B50,  Hr.  John  Curick  Moore  pointed  ont  that  certain  tertiary 
ahells  of  San  Domingo  exhibited  affinities  to  the  miocene  shells  of 
Europe*,  and  that  altbongh  snch  of  the  San  Domingo  species  as 
agreed  with  the  living  were  chiefly  Atlantic  forms,  there  were  some 
so  closely  allied  to  the  existing  Pacific  fauna  as  to  lead  him  to  infer 
that  there  had  been  a  channel  in  Miocene  times  throagh  what  is  now 
tbe  Istbmos  of  Panama,  by  which  the  moUnsca  could  have  migrated 
from  one  ocean  to  the  other.  Such  an  hypothesis,  he  observes,  will 
be  tbe  more  readily  accepted  when  we  consider  that  the  isthmus  no- 
where attains  an  elevation  exceeding  1000  feet,  which  is  not  half  the 
height  to  which  the  marine  Miocene  strata  of  San  Domingo  have 
been  uplifted  since  their  deposition. 

Similar  inferences  have  lately  been  drawn  by  Dr.  Doncan  f,  from 
the  corals  of  San  Domingo,  Antigua,  Jamaica,  Barbadoes,  and  other 
West  Indian  islands.  They  are  allied  in  a  most  unequivocal  manner 
to  the  corals  of  tbe  Faluns  of  Vienna,  Bordeaux,  Dax,  Saucats, 
and  Turin,  while  at  Uie  same  time  the  forms  are  those  of  the  Pacific 
and  not  of  the  Caribbean  Sea  and  Atlantic  Dr.  Duncan  condndea, 
therefore,  not  only  that  there  vras  no  Isthmus  of  Panama,  but  also 
that  there  was  no  great  barrier  of  land  or  Atlantic  continent  sepa- 
rating the  Miocene  seas  of  Europe  fVom  the  contemporaneous  seas  of 
the  West  Indies.  The  bearing  of  these  views  is  tbe  more  direct  on 
the  theory  of  an  Atiantis  before  discussed,  because  the  affinities  of 
the  marine  shells  and  the  corals  belong  precisely  to  that  period  (the 
Upper  Miocene),  when  the  flora  of  Europe  was  most  American. 
1'bere  may  have  been,  as  Dr.  Duncan  supposes,  numerous  islands  in 
tbe  Atlantic,  large  and  small,  as  there  ere  now  in  parts  of  the  Pacific 
and  Indian  Oceans  where  corals  abonnd,  but  there  could  not  have 
been  that  continuity  of  land  which  is  represented  in  Heer's  ideal  map 

*  Qnart  Qeot.  Jotim.,  1890,  jcA.  W.  p.  43.  f  lUd.  vol  xix.  p.  Hi. 
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of  the  Atlantis  alreadf  cited,  p.  270.,  which  would  be  iDdispeD»1)le 
in  order  to  produce  an  affinity  in  so  many  genera  and  even  xpeciea  of 
pUnts  as  is  observed  between  the  Recent  American  and  the  Swigs 
Miocene  flora. 

It  is  right,  however,  before  concluding  this  subject,  tliat  I  should 
warn  the  reader  that  much  of  the  reasoning  employed  by  those  who 
have  tatien  part  in  discussing  the  probable  existence  of  a  Miocene 
Atlantis,  whether  as  advocates  or  opponents  of  the  hypothesis,  has 
proceeded  on  the  assumptioD  that  the  geographical  distribution  of 
genera  has  been  governed  by  laws  strictly  aniJogous  to  those  which 
govern  the  distribution  of  species.     When  Professor  Heer  speaks  of 
plants  called  by  him  homologous,  and  shows  that  about  balf  of  these 
are  common  to  Miocene  Europe  and  to  the  living  flora  of  America, 
and  that  this  is  more  especially  true  of  those  closely- allied  or  homo- 
logous species  which  are  known  bj  their  fruits  as  well  as  their 
leaves,  the  force  of  his  ai^ument  will  be  fully  appreciated  by  all  who 
believe  that  each  species  has  had  a  single  birthplace,  or  has  been 
formed  in  one  limited  geographical  area  from  which  it  may  have 
migrated  to  distant  parts  ;  for  Heer  supposes  the  homologous  livin;; 
species  to  be  the  hereditary  descendants  of  their  closely-allied  miocene 
progenitors.  But  when  the  reasoning  is  founded  on  plants  which  have 
only  a  generic  connection,  as  in  a  great  part  of  Heer*s  work,  ami 
everywhere  throughout  the  essay  of  Professor  Oliver,  its  force  depends 
on  the  previous  assumption  that,  not  only  the  individuals  of  a  spe^ra, 
but  also  the  different  species  of  a  genus,  have  radiated  from  certain 
geograpbical  areas  which  constituted  the  original  starting-points  of 
such  genera.     This  is  not  the  place  to  enter  into  a  question  bo  diffi- 
cult and  unsettled  as  that  of  the  origin  of  species,  but  whether  we 
adopt  or  reject  the  doctrine  of  transmutation,  it  is  necessary  to  bear 
in  mind  when  we  compare  the  recent  and  fossil  flora  and  endeavour 
to  ascertain  whether  the  miocene  plants  came  to  Europe  by  a  western 
or  eastern  route,  that  a  single  identical  or  very  closely  allied  species 
is  of  more  value  than  a  great  many  genera  represented  by  species 
not  closely  allied.     Thus,  for  example,  Heer  considers  the  walnut- 
tree  of  CEningen  called  Jiiglam  bUiniea  to  be  homologous  with  the 
Jiving  American  hiclcory,  Juglam  nigra,  and  that  another  Upper 
Miocene  walnut  of  Europe,  Jvglam  velusta,  is  homologous  with  our 
common  walnut,  J.  regia,  which  was   first  brought   into   Europe 
from  Persia.     When,  therefore,  the  Swiss  Professor  founds  on  the 
one  an  argument  in  favour  of  a  migration  across  an  Atlantic  conti- 
nent for  the  Miocene  walnuts  of  Switzerland,  and  Professor  Oliver 
founds  on  the  other  an  Asiatic  route  for  the  same,  their  reasoning  is 
lexical  and  its  cogency  is  great  in  proportion  to  the  identity  or  very 
near  affinity  of  the  fossil  and  recent  plants  which  are  compared. 
But  several  other  Tertiary  walnuts  of  Switzerland  have  a  compara- 
tively remote  bearing  on  the  question  of  a  Miocene  Atlantis,  because 
Juglant,  as  a  genus,  flourished  in  Europe  in  the  Eocene,  and  even, 
according  to  Goppert,  in  the  antecedent  Cretaceous  period.     Some, 
therefore,  of  the  Miocene  species  of  Jtiglant  may  liave  come  from 
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indigenoas  European  Ek>cene,  or  even  CretBceons  anceston  ;  and 
the  Mme  remark  applies  to  a  great  number  of  the  genera  of  other 
orders  and  classes  which  are  common  to  the  Miocene  flora  of  Europe 
and  to  older  tertiary  rocks.  Thus  eight  oat  of  232  fossil  species  of 
Monte  Bolca,  a  localit/  where  the  rocks  beloog  to  the  Nommulitic 
or  Middle  Eocene  period,  pass  up  into  the  Miocene  formations,  ac- 
cording to  Massalongo  and  Heer.* 

The  ProteaceB  also  abounded  in  the  Eocene  strata  of  England, 
France^  and  Italy,  and  in  the  cretaceous  rocks  at  Aix-la-Chapelle. 
To  these  countries,  therefore,  rather  than  to  Australia  and  AiVica,  we 
ought  to  look  for  the  origin  of  many  of  the  Rpecies  of  that  order 
which  we  find  both  in  the  Upper  and  Lower  Miocene  formations. 

But  not witlistan ding  the  caution  which  we  must  use  in  onr  specu- 
lations on  the  alleged  affinity  of  the  Miocene  flora  of  Europe  to  the 
living  plants  of  America  and  other  countries,  I  consider  the  general- 
isations of  Uuger,  Asa  Gray,  Heer,  Oliver,  and  others  on  this  sub- 
ject, to  be  most  important,  and  that  their  inreetigations  cannot  ihil 
to  throw  great  light  on  the  past  history  of  speciee  and  genera  in  the 
T^etable  kingdom. 

CPPKB  WOCENS  FOaifA.TI0XS,   DTDIA, 

SHh-Himalayan  or  SiieaUk  Billt.—Tiie  Siwalik  Hills  lie  at  the 
•outhem  foot  of  the  Himalayan  chain,  rising  to  the  height  of  2000 
and  3000  ieet.  Between  the  Jumna  aud  the  Ganges  they  consist  of 
inclined  strata  of  sandstone,  shingle,  clay,  and  marl.  We  are 
indebted  to  the  indefatigable  researches  of  Dr.  Falconer  and  Sir 
Proby  Cantley,  continued  for  fifteen  years,  and  to  the  labours  of 
otiier  scientific  officers  in  the  Indian  service,  for  the  discovery  in 
these  marls  and  sandstones  of  a  great  variety  of  fossil  mammalia 
and  reptiles,  tt^ether  with  many  freshwater  shells.  Fifteen  species 
of  shells  of  the  genera  Paludina,  Melania,  AmpuUaria,  and  Unia 
were  shown  by  Falconer  and  Cantley  in  1846  to  the  late  Professor 
£.  Forbes,  who  pronounced  them  to  be  all  extinct  or  unknown 
species  with  the  exception  of  four,  which  are  still  inhabitants  of 
Indian  rivers.  Such  a  proportion  of  living  to  extinct  moUusca 
agrees  well  with  the  usual  character  of  an  Upper  Miocene  or  Falu- 
nian  fauna,  as  observed  in  Touratne,  or  in  the  basin  of  Vienna  and 
elsewhere. 

The  genera  of  mammalia  point  in  the  same  direction.  One  of 
them,  named  originally  AnoplotAerium,  was  at  first  considered  to 
supply  a  link  between  this  Indian  fanna  and  that  of  the  Eocene 
period  of  Europe,  but  it  is  now  recognized  to  belong  to  the  genus 
CAaHeotAerium  (or  Anitodon  of  Lartet),  a  pachyderm  intermediate 
between  the  Rhinoceros  and  Anoplothtre,  and  characteristic  of  the 
Upper  Miocene  strata  of  Eppelsheim,  and  of  Sansans  in  the  Depart- 
ment of  Gers  in  the  South  of  France.  With  it  occurs  also  an 
extinct  form  of  Hippopotamus,  called  Hexaprotodon,  and  a  species  of 

*  Beeherchss,  Ice,  Hear  aDdGaadio,  p.  79. 
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Hippotherium  and  pig,  also  two  ipectes  of  ifatiodon,  two  of 
elephant,  aad  three  other  elephantine  proboscidiaoB ;  none  of  tbem 
agreeing  with  anjr  foAsil  forms  of  Europe^  and  treing  intermediate 
between  the  genera  Etephai  and  Hastodon,  constituting  the  eub- 
genas  Stegodon  of  Falconer.  With  these  are  associated  a  monkey, 
allied  to  the  SemnopUAeetu  enUUut,  now  living  in  the  Himolaja, 
and  man^  ruminants.  Amongst  these  last,  besides  the  giraffe,  camel, 
antelope,  stag,  and  others,  we  find  a  remarkable  new  type,  the  Si- 
vatheriom,  like  a  gigantic  four-homed  deer.  There  are  also  new 
forms  of  carniTora,  both  feline  asd  canine,  the  MaeAairodta  among 
the  former,  also  hysenas,  and  a  subursine  form  called  the  Hynnarc- 
tos,  and  a  genua  allied  to  the  otter  (Enhydriodon),  of  formidable 
aize. 

The  giraffe  camel,  and  a  large  ostrich  may  be  cited  as  proofs  that 
there  were  formerly  extensive  plains  where  now  a  steep  cluun  of 
hills,  with  deep  ravines,  runs  for  many  hundred  miles  east  and  weet. 
Among  the  accompanying  reptiles  are  seversl  crocodiles,  some  of 
huge  dimensions,  and  one  not  distingni^bable,  says  Dr.  Falconer, 
from  a  species  now  living  in  the  Ganges  (  C,  Gangetievt),  snd  there  is 
still  another  saurian  which  the  same  anatomist  has  identified  with  a 
species  now  inhabiting  India.  There  was  also  an  extinct  speciee  of 
tortoise  of  gigantic  proportions  {Colottoehelyi  AtUu),  the  curved 
shell  of  which  was  twelve  feet  three  inches  long  and  eight  feet  in 
diameter,  the  entire  length  of  the  animal  being  estimated  at  eighteen 
feet,  and  its  probable  height  seven  feeL 

That  some  of  the  reptiles  should,  as  well  as  many  of  the  shells, 
have  sarvived  fk>m  the  Upper  Miocene  to  the  human  epoch,  need 
acarcelj  excite  surprise,  for  we  have  no  reason  to  assume  that  the 
mean  temperature  of  India  in  the  Miocene  period  differed  materiallj 
from  that  which  now  prevails  ;  altbough  the  climate  must  have  been 
greatly  modified  by  the  revolution  which  has  since  occurred  in  the 
physical  geography  of  the  district  The  heat  may  be  as  great  now, 
if  not  greater,  than  when  the  Sivatheriom  and  Chalicotherium 
flourished. 

Kumerous  foauls  of  the  Siwfilik  type  have  also  been  fonnd  in 
Perim  Island,  in  the  Gulf  of  Cambay,  and  among  these  a  species  of 
IHnotherium,  a  genus  so  characteristic  of  the  Upper  Miocene  period 
in  Europe. 

AUatUie  Itland*. — Something  will  be  said  of  the  Upper  Miocene 
formations  of  marine  origin  in  Madeira,  (he  Canary  Islands,  and  the 
Azores,  when  I  speak,  in  the  thirty-firat  chapter,  of  the  volcanic  rocks 
of  those  countriee. 

Older  Pliocene  and  Miocene  formation*  in  the  United  State*. — 
Between  the  Alleghany  Mountains,  formed  of  older  rocks,  and  the 
Atlantic,  there  intervenes,  in  the  United  States,  a  low  region  occu- 
pied principally  by  beds  of  marl,  clay,  and  sand,  consisting  of  the 
cretaceous  and  tertiary  formations,  and  chiefly  of  the  latter.  The 
general  elevation  of  this  plain  bordering  the  Atlantic  does  not  ex- 
ceed 100  feet,  although  it  la  somedmes  several  hundred  feet  hig^h. 
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lu  width  in  the  middle  and  eouthem  states  ia  very  commonljr  from 
100  to  ISO  miles.  It  conaiBts,  in  the  South,  aa  in  Greorgia,  Alabauu, 
■nd  South  Carolina,  almost  exclusivel;  of  Eocene  deposits  ;  but  in 
North  Carolina,  Maryland,  Virginia,  Delaware,  more  modern  strata 
predominate,  which,  after  examining  them  in  1842, 1  soppooed  to  be 
of  the  age  of  the  English  crag  and  falnns  of  Touraine.*  If,  chro- 
Dologicalljr  speaking,  they  can  be  truly  said  to  be  the  repreaentatiTes 
of  these  two  European  formations,  they  may  range  in  ^e  from  the 
Older  Pliocene  to  the  Miocene  epoch,  according  to  the  dawification 
of  European  strata  adopted  in  thb  chapter. 

The  proportion  of  fossil  shells  agreeing  with  recent,  ont  of  147 
species  collected  hj  me,  amounted  to  about  17  per  cent.,  or  one-sixth 
of  the  whole  ;  but  as  tlie  fossils  so  assimilated  were  almost  always 
the  same  as  species  now  living  in  the  neighbouring  Atlantic,  the 
numher  may  hereafter  be  augmented,  when  the  recent  fauna  of  that 
ocean  is  better  known.  In  different  localities,  also,  the  proportion 
of  recent  species  varied  considerably, 

Ou  the  banks  of  the  James  River,  in  Virginia,  about  twenty  miles 
below  Richmond,  in  a  cliff  about  80  feet  high,  I  observed  yellow  and 
white  sands  overlying  an  Eocene  marl,  just  as  the  yellow  sands  of 
the  crag  lie  on  the  blue  London  clay  in  Sufiblk  and  Essex  in  Eng- 
land. In  the  Virginian  sands,  we  find  a  profusion  of  an  Astarte 
(J.  trndulaia,  Conrad),  which  resembles  closely,  and  may  possibly 
be  a  variety  of,  one  of  the  commonest  fossils  of  the  Sufiblk  Cr^ 
{d.  bipartUa) ;  the  other  shells  also,  of  the  genera  Natiea,  Fiuurtlla, 


Aritmu,  Litcina,  Chama,  PectunctUut,  and  Pecttn,  are  analogous  to 
shells  both  of  the  English  crag  and  French  faluns,  althougti  the 
■pecies  nre  almost  all  distinct.  Out  of  147  of  these  American  fossils 
I  could  onl^  find  18  species  common  to  Earope,  and  these  occur 
pvtly  in  the  Sufiblk  Crag,  and  partly  in  the  faluos  of  Touraine  ; 
bgt  it  is  an  important  characteristic  of  the  American  group,  that  it 
iK>t  only  contains  many  peculiar  extinct  forms,  such  as  Putui  gua. 

*  Pracaed.  of  the  GmL  Soc,  vol.  iv.  Ft.  9.,  IB4S,  p.  MT.  t 
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dricottaltu.  Say  (see  fig.  208.)  and  Venut  tridaenoida,  ftbundaot  in 
these  same  formations,  but  also  some  shells  which,  like  Fulgw 
cariea  of  Sa;  and  F.  eanalieulattu  (see  fig.  20?.),  Calyptraa  eoMtata, 
Vctus  mercenaria.  Lam.,  Modiola  glandula,  Totten,  and  Peeten 
nageUanieuM,  Lam.,  are  recent  species,  yet  of  foirms  dow  confined  to 
the  western  side  of  the  Atlantic — a  fact  implying  that  some  traces 
of  the  beginning  of  the  present  geographical  distribntion  of  molluscs 
date  back  to  a  period  as  remote  as  that  of  the  Miocene  strata. 

Of  ten  species  of  zoophytes  which  I  procured  on  the  banks  of 
the  James  River,  one  was  formerly  supposed  by  Mr.  Lonsdale  to  be 
identical  with  a  fossil  from  the  falung  of  Touraine,  bat  this  species 
(see  fig.  209.)  proves  on  re-examina- 
rif.  ani  tion  to  be  different,  and  to  agree  gene- 

-  rically  with  a  coral  now  living  on  the 

coast  of  the  United  States.  With 
respect  to  climate,  Mr,  Lonsdale  re- 
gards these  corals  as  indicating  a  tem- 
peratore  exceeding  that  of  the  Medi- 
terraneim,  and  the  shells  would  lead 
to  similar  conclusions.  Those  occur- 
ring on  the  James  River  are  in  the 
•dfrayi-a  ttwain,  LoDidiii.  37th  degree  of  N.  latitude,  while  the 

'wHLiuniiKirt,  virfiaii.  '  French  faluns  are  in  the  47th ;  yet 

the  forms  of  the  American  fossils 
wonld  scarcely  imply  so  warm  a  climate  as  must  have  prevuled  in 
France  when  the  Miocene  strata  of  Tourune  originated. 

Among  the  remains  of  fish  in  these  Post-eocene  strata  of  the 
United  States  are  several  large  teeth  of  the  shark  family,  not  dis- 
tinguishable specifically  from  fossils  of  the  faluns  of  Tonraine. 


LOWEB  WOCBNE,    UNITED  8TAT88. 

NAratka. — In  the  territory  of  Nebraska,  on  the  Upper  Mis- 
aouri,  near  the  Platte  River,  lat.  42°  N.,  a  tertiary  formation 
occurs,  consisting  of  white  limestone,  marls,  and  siliceous  clay, 
described  by  Dr.  D.  Dale  Owen  *,  in  which  many  bones  of  extinct 
quadrupeds,  and  of  chelonians  of  land  or  freshwater  forms,  are 
met  with.  Among  these,  Dr.  Leidy  describes  a  gigantic  qua- 
druped, called  by  him  Titanotherium,  nearly  allied  to  the  PaLeo- 
therium,  bat  larger  than  any  of  the  species  found  in  the  Paris 
gypsum.  With  these  are  several  species  of  the  genus  Omdon, 
Leidy,  uniting  the  characters  of  pachyderms  and  ruminants  also  ; 
Eucroiaphut,  another  new  genus  of  the  same  mixed  character ;  two 
apecies  of  rhinoceros  of  the  sub-genus  Aceroth&num,  a  Lower  Mio- 
cene form  of  Europe  before  mentioned  ;  two  species  of  Arehaothe- 
rium,  a  pachyderm  allied  to  Chteropotamu*  and  Hyracotherium  ;  also 
Pabrotkermm,  an  extinct  ruminant  allied  to  Dorcatheriutn,  Kaup  ; 

■  D* fid  Dale  Owen,  G«oL  Surrey  of  Wisconun,  Ur.\  Fhilad.  1893. 
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also  Agrioehoffui  of  Leidj,  k  ramiDant  allied  to  Meryeopotanuu  of 
Falcouer  aod  Caatlej  ;  and,  lastly,  a  large  caraivorouB  animal  of 
(he  geniu  Machairodut,  the  most  anoient  example  of  which  in 
Europe  occurs  in  the  Loirer  Miocene  strata  of  Anvergne,  but  of 
which  some  species  are  fonnd  in  Pliocene  deposite.  The  tnrtlefl  are 
refbrred  to  the  genus  Te$tudo,  but  bare  some  affinity  to  Emyi.  On 
the  whole,  the  Nebraska  formation  ia  probably  newer  than  the  Paris 
gTpsom,  and  referable  to  the  Lower  Miocene  period,  as  above 
defined. 


n,g,t,7.dt,'G00glc 
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CHAPTER  XVL 

KOCENK  F0B1UTION8. 

Upper  Eocene  strats  of  Englind — FInTio-marine  Hint*  in  the  lale  of  Wigtit  *od 
Hompabire — Soceeuive  gronpa  of  Eocene  Mammalia — Bonndary-line  b«t«e«n 
Lower  Miocene  and  Eocene — Foeail*  of  Barton  Cla; — Bridali  Middle  Eocene— 
Sheila,  nammulitea,  fiihea,  and  repdlea  of  the  Bagshot  and  Brackleaham  bedl — 
TegeialJon  of  Middle  Eocene  period — Lower  Eoceoe  sirata  of  EngUnd—FoMil 
plants  and  ihelli  of  the  Loadoa  Clay  proper — Strata  of  Kjaon  in  Suffolk — 
Plastic  ela/s  and  aanda — Thanet  aandi — Eocene  formations  of  France — Gjp- 
■eons  Kries  of  Montmartre  and  extinct  qnadrnpeda — Foedl  (botprinta — Cak^ie 
groaner — Miliolitei — Lower  Eocene  in  E^aoce — Nnmmnlitic  formationi  of 
Europe,  A^ca,  and  Aiia — Their  wide  extent — referable  to  the  Middle  EoceiM 
period— Eocene  strata  in  the  United  Statea — Seclloa  at  Claiborne,  Alabama— 
Colossal  cetaceaD — Orbitoidal  limestone — Bnir  stone. 

The  strata  next  in  order  in  the  deeceucltiig  series  are  those  which 
I  term  Upper  Eocene.  la  the  accompanyiDg  map,  the  position  of 
several  Eocene  areas  is  pointed  out,  such  as  the  basin  of  the  Thames^ 

Fit.  110. 

Bbp  of  tba  princEpal  tfrtluybuLmof  ib*Boedi«|i*r[od. 


8^3  "3321??  ™hl  nil"""  I^B  " 

or  Old  Rti  urlri. 
H.B.  Tha  ipica  left  bluk  It  occaptwl  bj>  MCODdur  ftnukni  from  tbaDtranlaa  or  oU  >ri 
uBduou  lo  tbs  chalk  IhcIuItb.  •~'~a  «  «■  iw 

part  of  Hftrnpshire,  part  of  the  Netherlands,  and  the  conntty  ronnd 
Paris.     The  three  laat-mentioned  areas  contain  some  marine  «nd 
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freshwater  fiirmatioiia,  which  hkTe  been  slreadj  ipoken  of  u  Lower 
I£ooeae,  bnt  their  auperficial  extent  is  ineignificAnt,  except  in  the 
Firia  baun  between  the  Seine  ud  the  Loire. 
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The  fiJlowing  table  will  show  the  order  of  sacceaaion  of  the  strata 
firand  in  the  Tertiary  areas,  commonlf  called  the  London  and  Hamp- 
shire basins.     (See  also  Table,  p.  103.  et  xq.) 


BeMpsMad  bedi^  Ide  of  Wight,  we  abore,  p.  937. 


A.  1.  Benbridg*  Seties— North  cout  of  Ido  of  Wl^    ...  110 

A.  3.  (MMnM  <v  St  Eelen't  Seriea— ibid. 100 

A.  8.  Hcsdon  Serica— Iili  of  Wight,  snd  Hordwell  Oiff,  HaaM        •  170 

A. «.  Buun  Oaj— lila  of  Wight,  ud  Banon  Oiff,  BanM     -        -  300 

Bl  Bagihot  and  Bnekloihain  Sanda    uid  ClaT* — London    sad 


C  1.  LcMidoD  Cl^  proper  and  Bognor  beda — Tymdoa  and  Hants 

hados UOtoSOO 

C  2.  Fluiii;  tmA  Mottled  Clajs  aad  Sands— Londmi  and  Haoia 

baafaw 100 

C  S.  Tbanet  Sands— BMatrars,  Kent,  and  BaMern  pan  of  Lcaidoa 

basin       ..........M 

The  tme  relative  position  of  the  Hempstead  beds  and  of  the  Bern- 
bridge,  A.  1.,  and  the  Osborne  or  St.  Helen's  series,  A.  2.,  were  not 
made  ont  in  a  satis&ctory  manner  till  Professor  Forbee  studied 
them  in  detail  in  1S52.  The  tme  place  of  the  Bagsbot  sands,  B., 
and  of  the  Tbanet  sands,  C.  3^  was  first  accnrately  ascertained  bj 
Ur.  Prestwich  ia  1847  and  1&52. 


Bemhridgt  itria,  A.  1. — These  beds  are  about  120  feet  thick,  and, 
as  before  stated  (p.  236.),  are  conformable  with  the  Hempstead 
beds,  near  Tannooth,  in  the  Isle  of  Wight.  Thef  eonnst  of  marls, 
elajro,  wid  limestones  of  f^^sbwater,  brackish,  and  marine  origin. 
Some  of  the  most  abnndant  shells,  as  Cyrena  lemUtriata  Tar.,  and 
Paludina  Unta,  fig.  176.  p.  238.,  are  common  to  this  and  to  the  OTer* 
Ijtog  Hempstead  series ;  bnt  the  majority  of  the  species  are  dis- 
tinct. The  following  are  the  subdivisions  described  bj  Fiofbasor 
Forbea:— 
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a.  Upper  marl^  diningniihed  bj  the  abaadaaee  of  Mtlmua  tarititBMii,  Forba 

(flg-Sll.). 

b.  Loircr  niarl,  characteriud  bj  Ccririium  nutabSt,  Cj/nwi  ptdclaa,  &c.,  and 

hj  tin  remaiiu  of  Trionsx  (see  fig.  213.)- 


Fit.  111. 


FIclll. 


\  Grean  marU,  often  aboandiDg  !□  ■  peculiar  ipecie*  of  ojruor,  and  a 
b;  Cmlkia,  MgiSi,  an  Area,  a  Nuejiia,  &g. 


B«n1>iidf«  LlBuatona. 


UxrrmcbL 


(f.  Bembridgti  limaMODM,  compact  cnum-oolonrad 
tbalea  and  tnarU,  in  all  of  nliidi  laod-ihellj 


tuBrtismlmrii.    B«ibrMI«B. 


alternating   with 
eapecially    at 
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ScoDce,  naar  Yarmoulh,  m  dascribed  by  Mi.  Edirardi.  Hie  Bidimtu  ellip- 
tiau,  Ag.  3IS.,  and  Hiliz  oeduia,  flg.  314.,  ore  *iaoag  iu  b«»  koown  land- 
iballL  Pdtadiiui  orbimiaru,  fig.  S I S,,  ii  slio  of  IreqaeDt  occarrence.  One 
or  the  banda  is  filled  with  a  little  globular  Paiiidaia.  Among  the  freahwuer 
polfoomrei*,  Lgmnta  langiKOta  (fig.  917.)  >ad  Hmurhit  ditcuM  (fig,  816.)  ue 
the  moit  genenll;  diitributed  :  the  latter  repreunu  or  lakei  the  place  of  the 
PtaaarbiMeuomplialya  (aeefig.  StSl.),  of  the  more  ancieot  Headon  lariei.  Ciara 
tnhtrcaialii  (fig.  318.)  is  the  charscteriiUc  Bembridge  gjTogonite. 


From  this  formation  on  the  shores  of  Whitecliff  B&y,  Dr.  Mantell 
obtftined  k  fine  specimen  of  a  fan  palm,  Flabellaria  Lamuaonit, 
Brong.,  a  plant  first  obtained  from  beds  of  corresponding  age  in  the 
■abnrbi  of  Paris.  The  well-known  building-stone  of  Binstead,  near 
£jde,  a  limestone  with  numerous  hollows  caused  bj  Cyrena  which 
lisTe  disappeared  and  left  the  monlds  of  their  sheUs,  belongs  to  this 
§ubdiTision  of  the  Bembridge  series.  In  the  same  Binstead  atone  Mr. 
Fratt  and  the  Rev.  Darwin  Fox  first  discovered  the  remains  of  mam* 
malia  characteristic  of  the  gypseous  series  of  Paris,  aa  Palaotherutm 
magnum  (fig.  220.),  P.  medium,  P.  mima,  J", 
ntMUMKOt,  P.  curium,  P.  craatum  ;  also  Ano-  ^'  *'*" 

plolherium  commune {&g.2l9.'),  A.  tecundarivm, 
Didkobutu  cervinum,  and  CAteropotamux  Cuvieri. 
The  genus  Paleotbere,  above  alluded  to,  re* 
aembled  the  living  tnpir  in  the  form  of  the  head, 
and  in  having  a  short  proboscis,  but  its  molar 
teeth  were  more  like  those  of  the  rhinoceros. 
PaitotAermm  moffnum  waa  of  the  size  of  a 
horse,  three  or  four  feet  high.  The  annexed 
woodcut,  fig.  220.,  is  one  of  the  reatoratioos 
which  Cuvier  attempted  of  the  outline  of  the 
living  animal,  derived  from  the  stud;  of  the  entire  skeletoQ.   As  tbe 


Binrtaad,  U*  of  Wiftat. 


vertical  range  of  particular  species  of  qnadrapeds,  so  far  as  our 
knowledge  extends,  is  fkr  more  limited  than  that  of  the  testaoea, 
the  ocvurrence  of  so  man;  species  at  Bimitead,  agreeing  with  fosNla 
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of  the  PsriH  gypanm,  strengthens  the  evidence  derirad  ftxMU  shells 
and  plants  of  the  synchronism  of  the  two  formations. 

Ot&oTTte  or  St.  HeUit'i  terUt,  A.  2. — This  group  is  of  &esh  snd 
bnckisb-wftter  origin,  and  very  variable  in  mineral  character  and 
thickness.  N^ear  Rjde,  it  supplies  a  fi-eestone  much  oied  far  build- 
ing, and  called  by  Prof.  Forbes  the  Nettlestone  grit  In  one  part 
ripple-marked  flagstones  occnr,  and  rocks  with  fucoidal  markings, 
llie  Osborne  beds  are  distinguished  by  peculiar  species  of  Paludina, 
Melania,  and  Melanoptu,  as  also  ofCypris  and  the  seeds  of  Chara, 

Biadon  teriet,  A.  3. — These  beds  are  seen  both  in  Whitediff  Bay 
and  in  Headon  Hill,  or  at  the  east  and  west  extremities  of  the  Isle 
of  Wight.  The  upper  and  lower  portions  are  fi^shwater,  and  the 
middle  of  mixed  origin,  sometames  brackish  and  marine.  ETerywhere 
Ptanorbit  euompkaba,  flg.  221.,  characterises  the  freshwater  depo- 
sits, jnst  as  the  allied  form,  P.  diseut,  fig.  216.,  does  the  Bembridge 
limestone.  The  brackish-water  beds  contain  Ihlajmomj/a  plana^ 
CerUhitim  mtitabiU,  and  Potamidet  einetta  (fig.  44.  p.  30.),  hoA  the 


BiZfa'JaVMUcs,  SiiT.    RiwlaoHlll.IiIeorVlftal; 
na  HMiliml  fym,  Huu— ■!»  rsHt.  , 

marine  beds  Vetuu  (or  Cj/therea)  incrtutata,  a  species  common  to 
the  Limburg  beds  and  Grgs  de  Fontainebleau,  or  the  I/ower  Miocene 
series.  The  prevalence  of  salt-water  remains  is  moat  conspicuous 
in  some  of  the  central  parts  of  the  formation.  Mr.  T.  Webster,  ia 
his  able  memoirs  on  the  Isle  of  Wight,  first  separated  the  whole 

Flf'SSL  Flc.ni.  Fli.lSk 


'saj 


into  a  lover  freshmter,  an  upper  marine,  and  an  npper  &«ehwater 
division. 
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AmoDf;  the  shelta  which  an  widely  distributed  through  the  Headon 
series  «re  Ntritina  eomeava  (fig.  223. )>  Lymnea  eaudata  (fig.  224.), 
snd  CtrUhium  eoneavum  (fig.  225.).  HtUx  labifrintAica,  Say  (fig. 
222.),  ft  land-shell  now  inhabiting  the  United  States,  was  discovered 
in  this  series  hj  Mr.  Wood  in  HordweU  ClifT.  It  is  also  met  with  in 
Headon  Hill,  in  the  same  beds.  At  Sconce,  in  the  Isle  of  Wight,  it 
ocears  in  the  Bembridge  series,  and  affords  a  rare  example  of  an 
Eocene  fossil  of  a  species  still  living,  thongb,  as  nsnal  in  snch  eases, 
having  no  local  connection  with  the  actnal  gec^j^raphical  rai^  of  the 
species. 

The  lower  and  middle  portion  of  the  Headon  series  is  also  met 
with  in  Hordwell  Cliff  (or  Hordle,  as  it  is  often  spelt),  near  Ljmii^- 
ton,  Hants,  where  the  organic  remains  have  been  studied  hj  Mr. 
Searles  Wood,  Dr.  Wright,  and  the  Marchioness  of  Hastings.  To 
the  latter  we  are  indebted  for  a  detaQed  section  of  the  beds  *,  as  well 
as  for  the  discovery  of  a  variety  of  new  species  of  fossil  mammalia, 
eheloniane,  and  fish  ;  also,  for  first  calling  attention  to  the  important 
fact  that  these  vertebrata  differ  specifically  from  those  of  the  Bern- 
bridge  beds.  Among  the  abundant  shells  of  Hordwell  are  Pabidina 
bnta  and  various  species  of  Lj/mtua,  Ffaaorbu,  Melania,  (^lat, 
and  Ufio,  Potamomya,  Dreimna,  ficc 

Among  the  cheloniuis  we  find  a  species  of  Em^,  and  no  less  than 
•ix  species  of  Trwnyx;  among  the  sanrians  an  alligator  and  a 
crocodile ;  among  the  ophidians  two  species  of  land-snakes  {PaUryx, 
Oweo) ;  and  among  the  fish  Sir  F.  Egerton  and  Mr.  Wood  have 
found  the  jaws,  teeth,  and  hard  shining  scales  of  the  genus  Lepi- 
dotteut,  or  bony  pike  of  the  American  rivers.  This  same  genus  of 
freshwater  ganoids  has  also  been  met  with  in  the  Hempstead  beds 
in  the  Isle  of  Wight.  The  bones  of  several  birds  have  been  ob- 
tained &om  Hordwell,  and  the  remains  of  quadrupeds.  The  latter 
belong  to  the  genera  Paloplotherivm  of  Owen,  Anoplotherium, 
Amtkraectherium,  Diehodott  of  Owen  (a  new  genus  discovered  by 
Hr.  A.  H.  Falconer),  Diehobune,  Spalaeodon  and  Hj/anotUm.  The 
latter  ofiers,  I  believe,  the  oldest  known  example  of  a  true  carnj- 
vorotu  animal  in  the  series  of  British  fossils,  although  I  attach  very 
little  theoretjcal  importance  to  the  fact,  because  herbivorous  species 
are  those  most  easily  met  with  in  a  fossil  state  in  all  save  cavern 
deposits.  In  another  point  of  view,  however,  this  faana  deserves 
Dotioe.  Its  geological  position  is  considerably  lower  than  that  of 
the  Bembridge  or  Montmartre  beds,  from  which  it  differs  almost  as 
mncb  in  species  as  it  does  from  the  still  more  ancient  fanna  of  the 
Lower  Eocene  beds  to  be  mentioned  in  the  sequel.  It  therefore 
teaches  as  what  a  grand  succession  of  distinct  assemblages  of  mam- 
malia flourished  on  the  earth  during  the  Eocene  period. 

Many  of  the  marine  shells  of  the  brackish-water  beds  of  the  above 
series,  both  in  the  Iste  of  Wight  and  Hordwell  Cliff,  are  common 
to  the  underlying  Barton  clay ;  and,  on  the  other  hand,  there  are 
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some  freshwater  shelh,  auch  u  Cifrena  obovala,  which  are  common 
to  the  Bembridge  beds,  notwithatanding  the  intervention  of  the  St. 
Helen's  series.  The  white  and  green  marls  of  the  Headon  series, 
and  some  of  the  accompanpng  limestonee,  often  lesemble  the  Eocene 
strata  of  France  in  mineral  character  and  colour  in  so  striking  a 
manner,  as  to  suggest  the  idea  that  the  sediment  was  derived  from 
the  same  region  or  produced  contemporaneouslj  under  verj  aimiUr 
geographical  ctrcumstanoes. 

At  Brockenhurat,  near  Ljndhnrst,  in  the  New  Forest,  marine 
strata  have  recently  been  found,  containing  fifty.nine  shells,  'of 
which  many  have  been  described  by  Mr.  Edwards.  These  beds  rest 
on  the  Lower  Headon,  and  are  considered  as  the  equivalent  of  the 
middle  part  of  the  Headon  series,  many  of  the  shells  being  common 
to  the  brackish  water  or  Middle  Headon  beds  of  Colwell  and  White- 
cliff  Bays,  such  as  Canceltaria  murieata.  Sow.,  Fvtut  Ittbiattu, 
Sow.,  8(C.  Baron  von  Konen  *  has  pointed  out  that  no  less  than 
forty>six  out  of  the  fifty-nine  Brockenhurst  shells,  or  a  proportion 
of  78  per  cent.,  agree  with  species  occurring  in  Dumont'i  Lower 
Tongrian  formation  in  Belgium.  This  being  the  case,  we  might 
fairly  expect  that  if  we  bad  a  marine  equivalent  of  the  Bembridge 
series  or  of  the  contemporaneous  Paris  gypsum,  we  should  find  it  to 
contain  a  still  greater  number  of  shells  common  to  the  Tongrian  beds 
of  Belgium,  but  the  exact  correlation  of  these  freshwater  groups 
of  France,  Belgium,  and  Britain,  has  not  yet  been  fully  made  out. 
It  is  possible  that  the  Tongrian  of  Domont  may  be  newer  than  the 
Bembridge  series,  and  therefore  referable  to  the  Lower  Miocene, 
according  to  the  classification  adopted  byme  inChapter  XIV.  p.  215. 

If  ever  the  whole  series  should  be  complete,  we  must  be  pre- 
pared to  find  the  marine  equivalent  of  the  Bembridge  beds,  or  the 
uppermost  Eocene,  passing  by  imperceptible  shades  into  the  over- 
lying lowest  Miocene  strata. 

Among  the  fossils  found  in  the  Middle  Headon  are  Cglkerea  in- 
erauala  and  Cerithium  plieatuTu,  fig.  173.  p.  238.  These  shells,  espe- 
cially the  latter,  are  very  characteristic  of  the  Lower  Miocene,  and 
their  occurrence  in  the  Headon  series  has  been  cited  as  an  ob- 
jection to  the  line  proposed  to  be  drawn  between  Miocene  and 
Eocene.  But  if  we  were  to  attach  importance  to  such  occasional 
passages,  we  should  soon  find  that  no  lines  of  division  could  be  drawn 
anywhere,  for  in  the  present  state  of  our  knowledge  of  the  Tertiary 
series  there  will  always  be  species  common  to  beds  above  and  below 
our  boundary-lines. 

Both  in  Hordwell  Cliff  and  in  the  Isle  of  Wight,  the  Headon  beds 
rest  on  white  sands,  used  for  making  glass,  and  constituting  the 
upper  member  of  the  Barton  series,  A.  4..  p.  279.,  next  to  be  men- 
tioned. 

fVhiU  tandt  and  Barton  clay,  A.  4.  (Table,  p.  S79.) — In  one  of 
the  upper  and  sandy  beds   of  this  formation,  Dr.  Wright  found 

■  Qosn.  GcoL  JouruaL,  voL  xx.  p.  97.  18e<- 
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Crania  tquamota  in  great  pteDtjr.    The  eame  sands  contain  impres- 
eions  of  m&nj  marine  shells  (especially  in  Whitecliff  Bay)  common 
to  the  upper  Bagshot  sands  afterwards  to  be  described.     The  un- 
derlying Barton  clay  has  yielded  about  252  marine 
shells,  more  than  half  of  them,  according  to  Mr.  Prest-         "^'  ^^ 
wich,  peculiar  ;   and  only  about  one  in  twenty  being 
common  to  the  London  clay  proper,  a  much  older 
Eocene  group  (see  p.  289.),  with  which  the  Barton 
day  was  formerly  confounded.     About  one-third  of 
the  Barton  clay  shells  agree  specifically  with  those  of 
the  calcaire  groseier  of  the  Paris  basin.*    It  is  nearly 
a  ceDtuT7  since  Brander  published,  in  1766,  an  ac-    aioiu  jrwnuu. 
count  of  the  organic  remains  collected  from  these  "'™' 

Barton  and  Hordwell  clifis,  and  his  exceUent  figures  of  the  shells 
then  deposited  in  the  British  Museum  are  justly  admired  by  con- 
chologists  for  their  accnracy. 

SHELLS  OF    THB    BAKTOM    CLAT,    HANTS. 

Certain  foraminifera  called  Nammulites  begin,  when  we  study 
the  tertiary  formations  in  a  descending  order,  to  make  their  first 


ippearance  in  these  Barton  beds.    A  small  species  called  NummuKtes 
varioUiria  is  found  both  on  the  Hampshire  coast  and  in  beds  of  tho 


•  Qnsrt.  Geol.  Joura^  toI.  xiii.  p.  134.:  Loadoo,  1817, 


..oogic 


286  MIDDLE  EOCENE,  ENGLAND.       [Cx.  ZTI. 

eame  age  id  Wbitecliff  Baj',  io  the  Isle  of  Wight.  Seventl  manne 
shells,  such  as  Corbula  piium,  are  common  to  the  Barton  beds  aad 
the  Hempstead  or  Lower  Uioceue  series,  and  a  still  greater  uomber, 
as  before  stated,  are  common  to  the  Ueadon  series. 


MIDDLE  EOCENE,    SKGLAND. 

Bagikot  and  Braekleakam  bed*,  B. — TheBagshot  beds,  consiBting 
chiefly  of  siliceous  sand,  occnp;  exteneiTe  tracts  round  Bagshot,  in 
Surrey,  and  in  the  New  Forest,  Hampshire.  They  may  be  separated 
into  three  divisions,  the  upper  and  lower  consisting  of  light  yel- 
low sands,  and  the  central  of  dark  green  sands  and  brown  clays, 
tlie  whote  reposing  on  tlie  London  ciaj  proper.*    The  uppermost 


CardaapliJaMa,  DobiTH. 


division  is  probably  verj  nearly  related  in  age  to  the  Barton  seriea. 
Although  the  B^shot  beds  are  usually  devoid  of  fossils,  they  contain 
marine  shells  in  some  places,  among  which  Venericardia  planicotia 
(see  fig.  235.)  is  abundant,  with  TurriUlla  sulc^era  and  NvmmulUet 
UEvigata  (see  fig.  239.  p.  287.). 


At  Bracklesham  Bay,  near  Chichester,  in  Sussex,  the  characteris- 
tic shells  of  this  member  of  the  Eocene  series  are  beat  seen  ;  among 

*  I>renwkh,  Qoait  GeoL  Jonm.,  voL  iiL  p.  ass. 
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Others,  the  huge  Cerit&ium  gtganteum,  so  conspicuous  in  the  calcaire 
gnwaer  of  Paris,  where  it  is  sometimes  two  feet  in  length.  The 
volotes  and  cowries  of  this  formation,  as  well  as  the  luoulites  and 
cortla,  seem  to  favour  the  idea  of  a  warm  climate  having  prevailed, 
vhich  is  borne  out  b}*  the  discovery  of  a  serpent,  Palaophu  fyphoeuM 
jwefig.  236.),  exceeding,  according  to  Professor  Owen,  twenty  feet 
in  length,  and  allied  in  its  osteology  to  the  Boa,  Python,  Coluber, 
ud  Ejdrus.  The  compressed  form  and  diminutive  sice  of  certain 
uodal  vertebrsB  indicate  so  moch  analogy  with  Hydrus  as  to  induce 
Frofessor  Owen  to  prononnce  this  extinct  ophidian  to  have  been 
mirine.*  He  had  previously  combated  with  much  success  the  evi- 
desce  advanced  to  prove  tiie  existence  in  the  Northern  Ocean  of 
bugs  sea-serpents  in  our  own  times,  but  he  now  contends  for  the 
former  existence  in  the  British  Eocene  seas  of  less  gigantic  eerpenls, 
when  the  climate  was  probably  more  genial ;  for  amongst  the  cem- 
puioas  of  the  sea-snake  of  Bracklesbam  was  an  extinct  Gavial 
(GatiaHM  Dixoni,  Owen),  and  numerous  fish,  such  as  now  fi:equent 
■be  seas  of  warm  latitudes,  as  the  ostraceont  fish,  of  which  a  spine 
if  fi|ared  (see  fig.  237.),  and  gigantic  rays  of  the  genus  Myliobatet 
(iee  fig.  238.). 


1.  (KHip,  wlUi  ID  lodlTldiua  ifaowlnt  (taa  utBior 

The  teeth  of  sharks  also,  of  the  genera  Careharodon,  Otodut, 
Lamna,  GaUoeerdo,  and  others,  are  abundant.  (See  figs.  240,  241, 
242,  243.)  The  Nummuliles  Imvigata  (see  flg.  239.),  ao  characteris- 
tic of  the  lower  beds  of  the  calcaire  grossier  in  France,  where  it 
"wnetimea  forms  stony  layers,  as  near  Compiegne,  iavery  common  at 
Brackleshwn,  together  with  N.  leabra  and  N.  variolaria.  Out  of 
193  Bpeciea  of  testacea  procured  from  the  Bagehot  and  Bracklesbam 
bed*  io  England,  126  occur  in  the  calcaire  grossier  in  France.  It 
»»•  clearly,  therefore,  coeval  with  that  part  of  the  Parisian  series 
luore  nearly  than  with  any  other. 

•  PklmmL  Soc.  UoDOgnph.  Bept^  Pt.  iL  p.  61. 
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Fig. »«.  Hi-  >*•■ 
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TKGETATIOM  OF  UDDLC  BOCENE  FZBIOD. 

The  plants  of  Alnm  Bsj  in  the  Isle  of  Wight,  and  of  Bonmemonth, 
on  the  south  coast  of  Hampshire,  embedded  in  white  clays  of  the 
Middle  Eocene  series,  bear  a  great  resemblance  generally  to  those 
of  the  Miocene  period,  as  described  in  the  last  chapter ;  but  the 
species  are  with  very  few  exceptions  quit«  distinct.  Forty  of  these 
are  mentioned  by  MM.  de  la  Harpe  and  Gaudin,  amon^  which  the 
Froteaceee  (Dryandra,  ha.),  and  the  fig  tribe  are  abundant,  aa  well 
as  the  cinnamon  and  Boveral  other  laurineae,  with  some  papilio- 
naceous plants.  On  the  whole  they  remind  the  botanist  of  the 
types  of  tropical  India  and  Australia,* 

Heer  has  mentioned  several  species  which  are  common  to  this 
Alnm  Bay  flora  and  that  of  Monte  Bolca,  near  Terona,  so  cele* 
brated  for  its  fossil  fish,  and  where  the  strata  contain  nummulites 
and  other  Middle  Eocene  fossils.t     He  has  particularly  alluded   to 


OgIC 


Ca.  XVL]       LOWES   EOCENE   70BM ATIONB,   ENOLAND.  289 

AnMaprimigenia,  De  U  Hwpe ;  Dapknogene  VerontTuis,  Massalong o 
ip.;  and  Ficut  granadilla,  Mass.  sp,,  u  Among  the  species  commou  to 
lod  cbumcteristic  of  the  Isle  of  Wight  uid  Italiiui  Eocene  beds ; 
ud  he  observes  that  in  the  flora  of  this  period  those  forms  of  a 
tsmpente  olimat«  which  constitute  a  marked  feature  in  the  Euro- 
pean Miocene  formations,  such  as  the  willow,  poplar,  birch,  alder, 
slm,  hombeam,  oak,  £r.  and  pine,  are  wanting.  The  American 
Ijpes  are  also  absent,  or  much  more  feebly  represented  than  in 
the  Uiocene  period.  The  number  of  exotic  forms  which  are  oom- 
mon  to  the  Eocene  and  Miocene  strata  of  Europe  demonstrate  the 
reiDOteness  of  the  times  in  which  the  geographical  distribution 
of  liring  plants  originated.  A  great  majority  of  the  Eocene  genera 
lure  disappeared  from  onr  temperate  climates,  but  not  the  whole 
of  them  :  and  they  must  all  have  exerted  some  influence  on  the 
suemblage  of  species  which  sacceeded  them.  Many  of  these  are 
indeed  so  closely  allied  to  the  flora  now  surriving  as  to  make  it 
qsMtionable,  even  in  the  opinion  of  naturalists  opposed  to  the  doc- 
trine of  transmntatton,  whether  they  are  not  genealogically  related 
the  one  to  the  other. 

I.OWEB  KOOENX    FOBKATIOITe,  SKSLAMD. 

London  CU^  proper  (C.  1.,  Table,  p.  279.).— This  formation  nn- 
derliBs  the  preceding,  and  consists  of  tenacious  brown  and  blaeish- 
gray  clay,  with  layers  of  concretions  called  septaria,  which  abound 
eb^j  in  the  brown  clay,  and  are  obtained  in  sufficient  numbers 
from  sea-cliffs  near  Harwich,  and  from  shoals  off  the  Essex  coast, 
to  be  used  for  making  Roman  cement.  The  principtJ  localities 
of  fbsails  in  the  London  clay  are  Highgate  Hill,  nefir  London, 
the  island  of  Sbeppey,  and  Bognor  in  Hampshire.  Out  of  133 
fossil  shell?,  Mr.  Prestwich  found  only  20  to  be  common  to  the  cal- 
eaire  grosaier  (^m  which  600  species  have  been  obtained),  while 
33  are  common  to  the  "  Lite  Coquillieiv  "  (p.  302.),  in  which  200 
qieeiee  are  known  in  France.     We  may  pre-  p,    ,^ 

■nme,  therefore,  that  the  London  clay  pro-  _ 

per  is  older  than  the  calcaire  grosaier.  This 
may  perlia.ps  remove  a  difficulty  which  M. 
Adolphe  Brongniart  has  experienced  when 

ccKnpariDg  the  Eocene  Flora  of  the  neigh-  t 

bourtioods  of  London  and  Paris.     The  fossil  I 

(peciea    of  the   island  of  Sbeppey,  he  ob-  I 

serve*,  iodicate  a  much  more  tropical  climate  ' 

Ibaa  the  Eocene  Flora  of  France.     Now  the 

latter  bad  been  derived  principally  from  the 

Uppermost  Eocene  or  gypseous  series,  and 

rwembleii    the  vegetation  of  the  borders  of  p^fl'jfS"^^*^;^^,. 

the  Mediterranean  rather  than    that  of   an 

eqoatoruU  region  ;  whereas  the  older  flora  of  Sheppey  belongs  to  an 
I    antecedent    epoch,  separated  from  the  period  of  the  Paris  gypsum 
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by  all  the  Barton  and  Bagshot  seriei — in  short,  by  the  eqniTalents 
of  tbe  greM  nnmmulitic  Beries  of  continental  writers. 

Mr.  Bowerbank,  in  a  raluable  publication  on  the  fossil  fruits  and 
feeds  of  the  island  of  Sheppey,  near  London,  has  described  no  less 
than  thirteen  fruits  of  palms  of  tbe  recent  type  Nipa,  now  only 
found  in  the  Molucca  and  Philippine  Islands  and  in  Bengal  (see 
flg.  249.).  In  the  delta  of  the  Granges,  Dr.  Hooker  obserTed  the 
lai^e  nuts  of  N^  Jhttieaiu  floating  in  such  numbers  in  the 
various  arms  of  that  great  river,  as  to  obstrnct  the  paddle-wheela  of 
steam-boats.  These  plants  are  allied  to  tbe  cocoa-nnt  tribe  on  the 
one  aide,  and  on  the  other  to  the  Pandanut,  or  screw-pine.  The 
fruits  of  other  palms  besides  thoae  of  the  cocoa-nnt  tribe  are  also  met 
with  in  the  clay  of  Sbeppey ;  also  three  species  of  Anima,  or  custard 
apple  ;  and  cncnrbitaceoua  fruits  (of  the  gourd  and  melon  family) 
are  in  considerable  abundance.  Fruits  of  various  species  of  Acacia 
are  in  profusion,  and  thes^  although  less  decidedly  tropical,  imply  a 
warm  climate. 

Tbe  contiguity  of  land  may  be  inferred  not  only  from  these  v^e- 
table  productions,  but  also  fVom  the  teeth  and  bones  of  crocodiles 
and  turtles,  since  these  creatures,  as  Dean  Conybeare  remarked, 
must  have  resorted  to  some  shore  to  lay  their  e^gs.  Of  turtles  there 
were  numerous  species  reibrred  to  extinct  genera.  These  are,  for  the 
most  part,  not  equal  in  size  to  the  largest  living  tropical  turtles.  A 
Ma-anake,  which  must  have  been  thirteen  feet  long,  of  the  genua 
I^ltBopkit  before  mentioned  (p.  286.),  has  also  been  described  by  Frofl 
Owen  from  Sbeppey,  of  a  different  species  from  that  of  Brackles- 
bam.  A  true  crocodile,  also,  Croeodilut  toliapietu,  and  another 
saurian  more  nearly  allied  to  the  gavial,  accompany  the  above  fossils; 
also  the  relics  of  several  birds  and  quadrupeds.  One  of  these  last 
belongs  to  the  new  genus  .^roco^mum  of  Owen,  of  tbe  h<^  tribe, 
allied  to  Cbioropotamus ;  another  is  a  LopAtodon ;  a  third  a  pacliy- 
derm  called  Coryphodon  eocamu  by  Owen,  larger  than  any  existing 
tapir.  All  these  animala  seem  to  have  inhabited  the  banks  of  the 
great  river  which  floated  down  the  Sbeppey  fruits.  They  imply  the 
existence  of  a  mammiferous  fauna  antecedent  to  the  period  when 
nummulites  flourished  in  Europe  and  Asia,  and  therefore  before  the 
Alps,  Pyrenees,  and  other  mountain-chains  now  forming  the  back- 
bones of  great  continents,  were  raised  from  the  deep ;  nay,  even 
before  a  part  of  the  constituent  rocky  masses  now  entering  into  the 
central  ridges  of  these  chains  had  been  deposited  in  the  sea. 

The  marine  shells  of  the  London  clay  confirm  tbe  inference  de- 
rivable from  tbe  plants  and  reptiles  in  favour  of  a  high  tempera- 
ture. Thus  many  species  of  Comu  and  VoitOa  occur,  a  large  Cjfprtea, 
C.  ovi/ortnia,  a  very  large  RotUllaria  (fig.  252.),  a  species  of  Cancel- 
laria,  six  species  of  ^atUiliu  (fig.  254.),  besides  other  Cephalopoda 
of  extinct  genera,  one  of  the  moat  remarkable  of  which  is  the  Belt>- 
sepia  *  (fig.  255.).     Among  many  characteristic  bivalve  shells  are 
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Lida  amygdaloides  (fig.  256.)  and  Cryptodon  angulettum  (fig.  237.), 
and  tunoDg  the  Radiata  a  star-fish  called  Attropeeten  (fig.  258,). 

These  fi>S8ils  are  accompanied  by  a  Bword-fi§h  {^Tetrapterui  prtt- 
eiUf  Agaasie),  about  eight  tbet  long,  and  a  saw-flsh  {PrutU  bisulca- 
tiu,  Ag.),  about  ten  feet  in  length;  genera  now  foreign  to  tbe  British 
Beaa.  On  the  whole,  no  leas  than  fifty  species  of  fish  have  been  de- 
Hribedbj'M.  Agassis  &om  these  beds  in  Sheppej,  and  they  indicate, 
ID  bis  opinion,  a  warm  climate. 

F08SIL   SHELLS  OV  THE  lOSBOTX  CLAY. 

ni.  Mtb  Fi|.  m.  Fif  m. 


Fl(.  KM.  PI*.  9U; 


LoDdoD  clij.    Shippcj- 


X**«  mntHMia.  Cn/pabm  ngwlalwm.  AUnp'arn  crf,p^nu. 

XUlfafita.  lonioiiclir.    Homin.  E.Foiim.    Sheppej. 
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Strata  of  Kyion  in  Suffolk. — At  Kjeon,  h  few  miles  east  of 
Woodbridge,  k  bed  of  Eocene  clky,  twelve  feet  thJc^  vnderlios  the 
red  crag.  Beoeatb  it  is  a  deposit  of  yellow  and  wbtte  sand,  of  con- 
Bidentble  interest,  in  consequence  of  man;  pecnliar  fossils  contained 
in  it.  Its  geological  position  is  probabL;  tbe  lowest  part  of  the 
London  clay  proper.  In  this  sand  have  been  found  remains  of  aa 
opossum  {Didtlphyi)  (see  fig.  259.),  and  aa  insectivorous  bat  (lig. 
260.),  together  with  many  teeth  of  fishes  of  the  shark  family.  Mr. 
Colchester,  in  1840,  obtained  other  mammalian  relics  from  Kjson, 
among  which  Frof.  Owen  has  reoc^nised  several  teeth  of  tbe  genus 
Hyracoiherium  (fig.  261.),  and  the  vertebm  of  a  large  serpent,  pro- 
bably a  PaLxophit.  As  the  remains  both  of  the  Stfraeolherbtin  and 
Palaophii  were  'afterwards  met  with  in  the  London  clay,  as  before 
remarked,  these  fossils  confirmed  the  opinion  previously  entertained, 
that  tbe  Kyson  sand  belongs  to  the  Lower  Eocene  period.  A  fossil 
lower  jaw  with  teeth  from  the  same  bed  was  at  first  referred  by 

FU-MS.  Fls.MCL  Flf.MI. 

.•Hin  MdnorliiHcttioraubith  Uolat  ot  Btrmatluttmi. 

'  FniB  K/HB.  BuMk. 

Prof.  Owen,  fn  1840,  to  a  monkey  called  JMaeactM«o(unHH,  sod  after- 
wards Eopilhecw;  bat  he  has  since  (1862)  retracted  this  opinion, 
and,  on  re-examination,  and  with  more  ample  materials  at  his  com- 
mand, has  pronounced  it  to  belong  to  a  HyraeotkeritM.  There  is 
now,  therefore,  no  Koceoe  monkey  known  to  palKontoIogiste  onless 
,  M.  BQtimeyer  is  right  in  referring  to  this  family  a  small  fragment 
of  a  jaw  with  ibree  molar  teeth,  found  in  the  Upper  Eocene  strata 
of  the  Swiss  Jnra. 

PtoMtie  or  mottUd  class  and  tands  (C.  2.,  p.  279.). — The  clays 
called  plastic,  wUch  lie  immediately  below  the  Londan  clay,  received 
their  name  originally  in  France  from  being  often  nsed  in  pottery. 
Beds  of  the  same  age  (tbe  Woolwich  and  Beading  series  of  Frest- 
wich)  are  used  for  the  like  purposes  in  England.'!' 

No  formations  can  be  more  dissimUar  on  the  whole  in  mineral 
character  than  die  Eocene  deposits  of  Englund  and  Paris  ;  those  of 
our  own  island  being  almost  exclusively  of  mechanical  origin,—- 
accnmulations  of  mud,  sand,  and  pebbles  ;  while  in  tlie  neighboor- 
hood  of  Paris  we  find  a  great  succession  of  strata  composed  of  lime- 
stones, some  of  them  siliceous,  and  of  crystalline  gypsum  and  siliceous 
sandstone,  and  sometimes  of  pure  flint  used  for  millstones.     Hence 
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it  ia  by  no  means  an  easy  task  to  insUtnte  an  exact  comparison  be- 
tween the  TariouB  members  of  the  EogliBh  and  French  series,  and  to 
settle  their  respective  ^es.  It  is  clear  that,  on  the  sites  both  of 
Paris  and  London,  a  continual  change  was  going  on  in  the  fauna  and 
flora  by  the  coming  in  of  new  species  and  the  dying  out  of  others  ; 
and  contemporaneona  changes  of  geographical  cooditionG  were  also 
in  prc^^ss  in  consequence  of  the  rising  and  sinking  of  the  land  and 
bottom  of  the  sea.  A  particular  aabdivieion,  therefore,  of  time  was 
occasionally  represented  in  one  area  by  land,  in  another  by  an  estu- 
ary, in  a  third  by  the  sea,  and  even  where  the  conditienB  were  in  both 
areas  of  a  marine  character,  there  was  often  shallow  water  in  one, 
and  deep  sea  in  another,  producing  a  want  of  agreement  in  the  state 
of  animal  life. 

But  in  regard  to  that  division  of  the  Eocene  series  which  we  have 
now  under  consideration,  we  find  an  exception  to  the  general  rule, 
for,  whether  we  study  it  in  the  basini  of  London,  Hampshire,  or 
Paris,  we  recograze  everywhere  the  same  mineral  chavacter.  This 
anitonnity  of  aspect  must  be  seen  in  order  to  be  fuUy  appreciated, 
since  the  beds  consist  simply  of  mottled  clays  and  san^  with  lignite 
and  well-rolled  flint  pebbies,  derived  from  the  chalk,  and  varying  in 


size  from  that  of  a  pea  to  an  egg.  These  strata  may  be  seen  in  the 
Isle  of  Wight  in  contact  with  the  chalk,  or  in  the  London  basin,  at 
Beading,  Blackheath,  and  Woolwich.  In  some  of  the  lowest  of  them, 
banks  of  oysters  are  observed,  consisting  of  Ottrea  belhnaeina,  so 
common  in  France  in  the  same  relativejiOBition,  and  Ottrea  edulina, 
scarcely  distinguishable  from  the  living  eatable  species.  In  the  same 
beds  at  Bromley,  Dr.  Buckland  found  one  large  pebble  to  which  five 
ibU-grown  oysters  were  affixed,  in  such  a  manner  as  to  show  that 
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they  hftd  commenced  their  first  growth   npon   it,   uid   remuDed 
attached  to  it  throagh  life. 

In  Beveral  piaoea,  u  M  Woolwich  on  the  Thames,  at  Newhaven  in 
Sussex,  and  elsewhere,  a  mixture  of  marine  and  freshwater  testacea 
distiugQiahes  this  member  of  the  series.  Among  the  latter,  Melania 
ipquinala  (see  fig.  263.)  aad  Cyren*  cutuiformiM  (see  fig.  262.)  are 
very  common,  as  in  beds  of  coTTespotiding  age  in  France.  They 
clearly  indicate  points  where  rivers  entered  the  Eocene  sea.  Usoally 
tliere  is  a  mixtare  of  brackish,  fi-eshwater,  and  marine  shells,  and 
aometimes,  as  at  Woolwich,  proofs  of  the  river  and  the  sea  having 
successively  prevailed  on  the  same  spot.  At  New  Chsrluin,  in  the 
suburbs  of  Woolwick,  M.  de  la  Condamine  discovered  in  1849,  and 
pointed  ont  to  me,  a  layer  of  sand  associated  with  well-rounded  flint 
pebbles  in  which  numerous  individuals  of  the  Cyrtna  UlUntUa  were 
seen  standing  endwise  with  both  their  valves  united,  the  posterior 
extrenuty  of  each  dwU  being  uppermost,  as  would  happen  if  the 
moUusks  had  died  in  their  natural  position.  I  have  described  *  a 
bank  of  sandy  mud,  in  the  delta  of  this  Alabama  River  at  Mobile,  on 
the  borders  of  the  Gulf  of  Mexico,  where  in  1846  I  dug  oat  at  low 
tide  specimens  of  living  species  of  Cyraui  and  of  a  GntUhodon,  which 
were  similarly  placed  with  their  sbells  erect,  or  in  a  position  which 
enables  the  animal  to  protrude  its  siphon  upwards  and  draw  in  or 
reject  water  at  pleasure.  The  water  at  Mobile  is  usaally  fresh,  but 
sometimes  brackish.  At  Woolwich  a  body  of  river-water  must  have 
flowed  permanently  into  the  sea  where  the  Cyretue  lived,  and  they 
may  have  been  killed  suddenly  by  an  influx  of  pure  salt  water,  which 
invaded  the  spot  when  the  river  was  low,  or  when  a  subsidence  of 
land  took  place.  Traced  in  one  direction,  or  eastward  towards  Herne 
Bay,  the  Woolwich  beds  assame  more  and  more  of  a  marine  charac- 
ter )  while  in  an  opposite,  or  soutb-westem  direction,  tbey  become, 
as  near  Chelsea  and  other  places,  more  freshwater,  and  contain  Unio, 
Paludina,  uid  layers  of  lignite,  so  that  the  land  drained  by  the 
ancient  river  seems  clearly  to  have  lieen  to  the  south-west  of  the 
present  site  of  the  metropolis. 

Before  the  minds  of  geologists  had  become  familiar  with  the 
theory  of  the  gradual  sinking  of  land,  and  its  conversion  into  sea 
at  different  periods,  and  the  consequent  change  fix>m  shallow  to  deep 
water,  the  freshwater  and  littoral  character  of  this  inferior  group 
appeared  strange  and  anomalous.  After  passing  through  hundreds 
of  feet  of  London  clay,  proved  by  its  fossils  to  have  been  deposited 
in  deep  salt  water,  we  arrive  at  beds  of  flnviatile  origin,  and  in  the 
same  underlying  formation  masses  of  shingle,  attaining  at  Black- 
heath,  near  London,  a  thickness  of  50  feet,  indicate  the  proximity  of 
land,  where  the  flints  of  the  chalk  were  rolled  into  sand  and  pebbles, 
and  spread  continuously  over  wide  spaces.  Such  shingle  always 
appears  at  the  bottom  of  the  series,  whether  in  the  Isle  of  Wight,  or 
in  the  Hampshire  or  London  basins.    It  may  be  asked  why  thety  did 

■  Second  Tiiit  to  the  Uniud  States,  voL  ii.  p.  104. 
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not  constitnte  simply  aairow  littond  zooea,  Buch  as  we  might  look 
for  on  an  ancient  sea-shore.  In  reply,  Mr.  Prestwich  has  BoggeMed 
that  Buch  BoneB  of  shingle  maj  have  been  Blowly  formed  on  a  large 
scale  at  the  period  of  the  Thanet  sands  (C.  3.,  p.  279.),  and  while  the 
land  was  sinking  the  well-rolled  pebbles  may  have  been  dispersed 
simaltaoeonsly  over  considerable  areas,  and  exposed  daring  gradual 
submergence  to  the  action  of  the  waves  of  the  sea,  aided  occauonally 
by  tidal  corrents  and  river  floods. 

TAantI  tandt  (C.  3.,  p.  279.)— 1^«  mottled  or  plastic  clay  of  the 
lale  of  Wight  and  Hampshire  is  often  seen  in  actual  contact  with 
the  chalk,  coosUtoting  in  such  places  the  lowest  member  of  the 
British  Eocene  series.  Bat  at  oUier  points  another  formation  of 
marine  origin,  characterized  by  a  somewhat  different  assemblage  of 
organic  remuna,  has  been  shown  by  Mr.  Prestwich  to  intervene 
between  the  chalk  and  the  Woolwich  series.  For  these  beds  he  has 
proposed  the  name  of  "Thanet  Sands,"  becanse  they  are  well  seen 
in  the  Isle  of  Tfaanet,  in  the  northern  part  of  Kent,  and  on  the  sea- 
coast  between  Heme  Bay  and  the  Becolvers,  where  they  consist  of 
sanda  with  a  few  concretionary  masses  of  sandstone,  and  contain 
among  other  fossils  Phaiadomya  ctmeata,  Cyprina  Marrim,  Corbula 
longirottru,  Scalaria  Bowerbankn,  ftc  The  greatest  thioknoBS  of 
these  beds  is  about  90  feet. 


QKNBIUl  TABLE  OF   FBEKCH  EOGBNE   BTBATA. 

Fnocfa  ubdlriiloni.  Engllib  eqnlnlmTi. 

A.  1.  Gypseon*  larie*  of  MoDtmsitre.  1.  Bembridge  •eriea,  p.  179. 

A.  S.  Calcaire    ailiceaz,   or   Tnienin  8.  Osbonie  aod  UeadoD  nriBs.  p.  SBS. 

Inferiear. 

A.  3.  Or^   de  BeBuchamp,  or  8abl««  3.  White  *and  and  clay  of  Barton  Cits', 

MojMis.  Bbdu. 


C.  1-  AfgUe  de  Londrea  M  biM  of  Hill  I.  Loodoa  Clay. 

of  CiMel,  near  Dankirk.  3.  Plaatic  cla;  and  Mtnd  with  lignite 
C.  9.  Ar^  plittiqaB  and  lignite.  (Woolwieh  and  Beading  seiiei). 

C  S.  Sables  de  Braelienx.  3.  Thanet  uoda 

The  tertiary  formations  in  the  neighbourhood  of  Paris  consist  of  a 
series  of  marine  and  freshwater  strata,  alternating  with  each  other, 
and  filling  np  a  depression  in  the  chalk.  The  area  which  they 
occupy  has  been  called  the  Paris  basin,  and  is  about  180  milee  in  its 
greatest  Itngth  from  north  to  south,  and  about  90  miles  in  breadth 
from  east  to  west  (see  iUap,  p.  219.).  MM.  Guvier  and  Brongniart 
attempted,  in  1610,  to  distinguish  five  different  groups,  comprising 
three  freshwater  and  two  marine,  which  were  supposed  so  imply 
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that  the  watera  of  the  ocean,  and  of  riverB  and  lakes  had  been  bj 
torns  admitted  into  and  exclnded  from  the  aame  area.  InveBtiga- 
tions  since  made  in  the  Hampshire  and  lyondon  basins  have  rather 
tended  to  confirm  these  viewa,  at  least  so  far  as  to  show  that  since 
the  commencement  of  the  Eocene  period  there  have  been  great 
movements  of  the  bed  of  the  sea,  and  of  the  adjoining  lands  and  that 
the  superposition  of  deep  sea  to  shallow  water  deposits  (the  London 
clay,  for  example,  to  the  Woolwich  beds)  can  only  be  explained  by 
referring  to  such  movements.  Nevertheless,  it  appears  from  the 
researches  of  M.  Constant  Pr4vost,  that  some  of  the  minor  alterna- 
tions and  intermixtures  of  freshwater  and  marine  deposits,  in  the 
Paris  basin,  may  be  accounted  for  hy  im^ining  both  to  have  been 
simnltaneously  in  prioress  in  the  same  bay  of  the  same  sea,  or  a 
gulf  into  which  many  rivers  entered. 

Gj/pteotu  teriet  of  Mmtmarirt. — To  enlarge  on  the  numerous 
subdivisions  of  the  Parisiaa  strata  would  lead  me  beyond  my  present 
limits  i  I  shall  therefore  give  some  examples  only  of  the  most  im- 
portant formations  enumerated  in  the  foregoing  Table,  p.  295. 

Beneath  the  Gr^  de  Fontaineblean,  often  called  "  Upper  marine 
sands,"  and  belonging  to  the  Lower  Mlocans  as  before  stated,  we 
find,  in  the  neighbourhood  of  Paris  *  series  of  white  and  green 
marls,  with  subordinate  bedsof  gypsum,  A.,  Table,  p.  293.  These  are 
most  largely  developed  in  the  central  parts  of  the  Paris  basin,  and, 
among  other  places  in  the  hill  of  Uontmartre,  where  its  fossils  were 
first  studied  by  Cuvier. 

The  gypsum  quarried  there  for  the  manufacture  of  plaster  of 
Paris  occurs  as  a  granular  crystalline  rock,  and,  together  with  the 
associated  marls,  contains  land  and  flaviatile  shells,  together  with 
the  bones  and  skeletons  of  birds  and  qnadrupeds.  Several  land- 
plants  are  also  met  with,  among  which  are  fine  specimens  of  the  fan 
palm  or  palmetto  tribe  (Flabtllarid).  The  remMUs  also  of  fresh- 
water fish,  and  of  crocodiles  and  other  reptiles,  occur  in  the  gypsnm. 
The  skeletons  of  mammalia  are  usually  isolated,  onen  entire,  the 
most  delicate  extremities  being  preserved ;  as  if  the  carcases  clothed 
with  their  flesh  and  skin,  had  been  floated  down  soon  after  death, 
and  while  they  were  still  swollen  by  the  gases  generated  by  their 
first  decomposition.  The  few  accompanying  sheila  are  of  those  light 
kinds  which  frequently  float  on  the  surface  of  rivers  together  with 
wood. 

M.  Provost  has  therefore  suggested  that  a  river  may  have  swept 
away  the  bodies  of  animals  and  the  plants  which  lived  on  its  borders, 
or  in  the  lakes  which  it  traversed,  and  may  have  carried  them  down 
into  the  centre  of  the  golf  into  which  flowed  the  waters  impregnated 
with  sulphate  of  lime.  We  know  that  the  Fiume  Salso  in  Sicily- 
enters  the  sea  so  charged  with  various  salts  that  the  thirsty  cattle 
refuse  to  drink  of  it.  A  stream  of  sulphareous  water,  as  white  as 
milk,  descends  into  the  sea  from  the  volcanic  mountain  of  Idienne, 
on  the  east  of  Java;  and  a  great  body  of  hot  water,  charged  with 
sulphuric  acid,  mshed  down  from  the  same  volcano  on  one  occaaion, 
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and  innndated  a  large  tract  of  coontrj,  destrojing,  bj  its  noxioiis 
properUes,  all  the  regetatioD.*  In  like  manner  the  Posanibio,  or 
"  Tiii^ar  Siver,"  of  Coiombia,  which  riaea  at  the  foot  of  Pnrac^,  an 
extinct  Tolcano,  7500  feet  abore  the  level  of  the  sea,  ia  stronglj 
impregnated  with  snlpharic  and  hydrochloric  acida  and  with  oxide 
of  iron.  '  We  maj  euil;  suppose  the  waters  of  snch  atreams  to  have 
properties  noxious  to  marine  animals,  and  in  this  manner  the  entire 
absence  at  marine  romatos  in  the  oesiferoDS  gypsum  may  be  ex- 
plained.f  There  are  no  pebbles  or  coarse  sand  in  the  gypaum ;  a 
circnmstance  which  agrees  well  with  the  hypothesis  that  these  beds 
were  precipitated  from  water  holding  sulphate  of  lime  in  solution, 
and  floating  the  remains  of  different  animals. 

In  this  formation  the  relics  of  about  fifty  species  of  quadrupeds, 
including  the  genera  PaUotkerium  (see  fig.  220.),  Aiu^lolAerium 
(see  fig.  219.),  and  others,  have  been  found,  all  extinct,  and  nearly 
four-fifths  of  them  belonging  to  the  Perissodactyle  or  odd-toed 
division  of  the  order  Packydermata,  which  now  contains  only  four 
living  geoera,  namely,  rhinoceros,  tapir,  horse,  and  hyrax.  With 
tbem  a  few  carnivorous  animals  are  associated,  among  which  are  the 
Bytatodim  da$guroidu,  a  species  of  dog,  Guuf  Paritietutt,  and  a 
weasel,  (^Modon  ParitUmtiM.  Of  the  Uodentia  are  found  a  squirrel ; 
of  the  CMroptera,  a  bat ;  while  the  Mamtpialia  (an  order  now 
confined  to  America,  Australia,  and  some  contiguous  islands)  are 
represented  by  an  opossum. 

Of  birds,  about  ten  species  have  been  ascertained,  the  skeletons  of 
some  of  which  are  entire.  None  of  them  are  referable  to  existing 
species.J  The  same  remark  applies  to  the  fish,  according  to  MM. 
Cuvier  and  Agassi^  as  also  to  the  reptiles.  Among  the  last  are 
crocodiles  and  tortoises  of  the  genera  Emyt  and  Triotij/x. 

The  tribe  of  land  quadrupeds  most  abundant  in  this  formation  is 
such  as  now  inhabits  alluvial  plains  and  marshes,  and  the  banks  of 
rivers  and  lakes,  a  daas  most  exposed  to  sufier  by  river  inundations. 
Among  these  were  several  species  of  PaUolherium,  a  genns  before 
^uded  to  (p.  281.).  Th^e  were  associated  with  the  ^no;>^(MlAmHtn, 
a  tribe  intermediate  between  pachyderms  and  ruminants.  One  of 
the  three  divisions  of  this  tamily  was  called  by  Cuvier  Xiphodon. 
Their  forma  were  slender  and  elegant,  and  one,  named  Xiphodon 
ffraciU  (fig.  264.),  was  about  the  size  of  the  chamois ;  and  Cuvier 
inferred  from  the  skeleton  that  it  was  as  light,  graceful,  and  sgile  as 
the  gazelle. 

When  the  French  osteologist  declared,  in  the  early  part  of  the 
present  century,  that  all  the  fossil  quadrupeds  of  the  gypaum  of 
Paris  were  extinct,  the  announcement  of  so  startling  a  fact,  on  snch 
high  authority,  created  a  powerful  sensation,  and  from  that  time  a 
new  impulse  was  given  throughout  Europe  to  the  progress  of  geo- 

*  Li7i]«Iihgai.TociTWitgDMliKtmM  f  H.  C.  PrfToat,  Sabmwdooi  It£n- 

enLett-.iwrtieT.cahierLp.  71.    Cited  tins,  &c.    Now  S8. 

bj  RosM,  Joorn.  do  OMogie,  tmn.  L  ]  Cuvier,  Ota.  Foia.,  torn.  UI.  p.  S65. 
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logictl  investigation.  Eminent  naturalists,  it  ia  true,  had  long  before 
raaintaiaed  that  tlie  sheila  and  zoophytes  met  with  in  many  ancient 
European  rocks  bad  ceased  to  be  inhabitants  of  the  earth,  but  the 
majority  even  of  the  educated  classes  continued  to  believe  that  tine 


species  of  animals  and  plants,  now  contemporary  with  man,  were  the 
same  as  those  which  had  been  called  into  being  when  the  planet 
itself  was  created.  It  was  easy  to  throw  discredit  upon  the  new 
doctrine  by  asking  whether  corals,  sheUs,  and  other  creatures  pre- 
viously  unknown,  were  not  annnally  discovered  ?  and  whether  living 
forms  corresponding  with  the  fossils  might  not  yet  be  dredged  up 
from  seas  hitherto  unexamined  ?  But  from  the  era  of  the  publication 
of  Cuvier's  "  Ossements  Fosiilee,"  and  still  more  his  popular  Treatise 
called  "  A  Theory  of  the  Earth,"  sounder  views  began  to  prevail. 
It  was  clearly  demonstrated  that  most  of  the  mammalia  found  in  the 
gypeum  of  Montraartre  differed  even  generically  from  any  now 
known  to  exist,  and  the  extreme  improbability  that  any  of  them, 
especially  the  larger  ones,  would  ever  be  found  surviving  in  cond- 
nents  yet  unexplored,  was  made  manifest.  Moreover,  the  non-ad- 
mixture of  a  single  living  species  in  the  midst  of  bo  rich  a  fossil 
fauna  was  a  striking  proof  that  there  had  existed  in  that  region  a 
state  of  the  earth's  surface  zoologically  unconnected  with  the 
present. 

FosMilfootprittU. — There  are  three  superimposed  mosses  of  ^yp- 
aum  in  the  neighbourhood  of  Paris,  separated  by  intervening  deposits 
of  laminated  marL  In  the  uppermost  of  the  three  in  the  valley  of 
Montmorency  M.  Desnoyers  discovered  in  1859  many  footprints  of 
animals  occurring  at  no  less  than  six  different  levels.*  The  gypsum 
to  which  they  belong  varies  fVom  thirty  to  fifty  feet  in  thickness,  and 
is  that  which  has  yielded  to  the  naturalist  the  largest  number  of 
bones  and  skeletons  of  mammalia,  birds,  and  reptiles.    I  visited  the 
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quarrieH,  boou  after  the  discoveiy  was  made  known,  with  M.  Des- 
noyers,  who  also  ehowed  me  large  slabs  in  the  Maseum  at  Paris, 
where,  on  the  upper  planes  of  stratificatioD,  the  indented  foot- 
marks were  seen,  while  corresponding  casts  in  relief  appeared  on 
the  lower  surfaces  of  the  strata  of  gjpsum  which  were  immediately 
superimposed.  A  thin  film  of  marl,  which  before  it  waa  dried  and 
condensed  by  pressure  must  have  represented  a  much  thicker  layer 
of  soft  mud,  intervened  between  the  beds  of  solid  gypsum.  On  this 
mud  the  animals  bad  trodden,  and  made  irapreseiona  which  had  pene- 
trated to  the  gypseous  mass  below,  then  evidently  unconsolidated. 
Tracks  of  the  Anoplotherium  with  its  bisulcate  boof,  and  the  trilobed 
footprints  of  Faleothcrium,  were  seen  of  different  sizes,  corresponding 
to  Uiose  of  several  species  of  these  genera  which  Cuvier  had  re- 
constructed,  while  in  the  same  beds  were  footmarks  of  carni- 
vorous mammalia.  The  tracks  also  of  fiuviatile,  lacustrine,  and  ter- 
restrial tortoises  {Bmyi,  Tritmyx,  Sec.)  have  been  discovered,  also 
those  of  crocodiles,  iguanas,  geckos,  and  great  batrachians,  and  the 
footprints  of  a  huge  bird,  apparently  a  wader,  of  the  size  of  the 
gastornis,  to  be  mentioned  in  the  sequel.  There  were  likewise 
impressions  of  the  feet  of  other  creatures,  some  of  them  clearly  die* 
tinguisbable  from  any  of  the  fifity  extinct  types  of  mammalia,  of 
which  the  bones  have  been  found  in  the  Paris  gypeam.  The  whole 
assemblage,  says  Desnoyers,  indicate  the  shores  of  a  lake,  or  several 
small  lakes  communicating  with  each  other,  on  the  borders  of  which 
many  species  of  Pachydermes  wandered,  and  beasts  of  prey  which 
occasionally  devoured  them.  The  toothmarks  of  these  last  had  been 
detected  by  paltaontologists  long  before  on  the  bones  and  skulls  of 
Paleothere*  entombed  in  the  gypsum. 

These  footmarks  have  revealed  to  ns  new  and  unexpected  proofs 
that  the  air-breathing  launa  of  the  Upper  Eocene  period  in  Europe 
far  surpassed  in  the  number  and  variety  of  its  species  the  largest 
estimate  which  bad  previously  been  formed  of  it  We  may  now  feel 
sure  that  the  mammalia,  reptiles,  uid  birds,  which  have  left  portions 
of  their  skeletons  as  memorUls  of  their  existence  in  the  solid  gypsum, 
constituted  but  a  part  of  the  then  living  creation.  Similar  inferences 
may  be  drawn  from  the  study  of  the  whole  succession  of  geological 
records.  In  each  district  the  monuments  of  periods  embracing 
thousands,  and  probably  in  some  instances  millions  of  years,  are 
totally  wanting.  Even  in  the  volumes  which  are  extant  the  greater 
number  of  the  pages  are  missing  in  any  given  region,  and  where 
they  are  found  they  contain  but  few  and  casual  entries  of  the  phy- 
sical events  or  living  beings  of  the  times  to  which  they  relate.  It 
may  also  be  remarked  that  the  snbordinate  formations  met  with  in 
two  neighbouring  countries,  such  as  France  and  England  (the  minor 
Tertiary  groups  above  enumerated),  commonly  classed  as  equivalents 
and  referred  to  corresponding  periods,  may  nevertheless  have  been 
by  no  means  strictly  coincident  in  date.  Tbongb  called  contempo- 
raneous, it  is  probable  that  they  were  often  separaled  by  intervals  of 
hundreds  of  ^ousands  of  years.    We  may  compare  them  to  doub  e 
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Btara,  which  appear  single  to  the  naked  eye  because  seen  from  a  vast 
distance  in  space,  and  which  really  belong  to  one  and  the  same 
stellar  system  though  occupying  places  in  space  extremely  remote 
if  estimated  by  our  ordinary  standard  of  terrestrial  measurements. 

Caicaire  tiliceux,  or  Travertin  infirieur  (A.  2.,  p.  295.).— This 
compact  siliceona  limestone  extends  oyer  a  wide  area.  It  resembles 
a  precipitate  from  the  waters  of  mineral  springs,  and  is  often  tra- 
versed by  small  empty  sinuous  cavities.  It  is,  for  the  most  part, 
devoid  of  oi^anic  remains,  but  in  some  places  contains  freshwater 
and  land  species,  and  never  any  marine  fossils.  The  caicaire 
silicenx  and  the  caicaire  grossier  usually  occupy  distinct  parts  of  the 
Paris  basin,  the  one  attaining  its  fullest  development  in  those 
places  where  the  other  is  of  slight  thickness.  They  are  described 
by  some  writers  as  alternating  with  each  other  towards  the  centre  of 
the  basin,  as  at  Sergy  and  Oeny. 

The  gypsum,  with  its  associated  marls  before  deacribed,  is  in 
greatest  force  towards  the  centre  of  the  ba«n,  where  Uta  caicaire 
grossier  and  caicaire  siliceuz  are  less  fully  developed. 

Grit  dt  Beauehamp,  or  Sahlet  moyetu  (A.  3.,  p.  295.). — In  soma 
parts  of  the  Paris  basin,  sands  and  marls,  called  the  Gr^a  de  Bean- 
champ,  or  Sables  moyens,  divide  the  gypseous  beds  from  the  caicaire 
grossier  proper.  These  sands,  in  which  a  small  nummnlite  (iV, 
variolaria)  is  very  abundant,  contain  more  than  300  species  of  marine 
shells,  many  of  them  peculiar,  but  others  common  to  the  next  division. 

Caicaire  grottUr,  vpper  and  middle  {B,  1^  p.  295.). — The  upper 
division  of  this  group  consists  in  great  part  of  beds  of  compact, 
fragile  limestone,  with  some  intercalated  green  marls.  The  shells 
in  some  parts  are  a  mixture  of  Ctrithium,  Cyelottoma,  and  Corbtda; 
in  others  JAmnea,  Ctrithium,  Faludina,  he  In  the  latter,  the 
bones  of  reptiles  and  mammalia,  Paleolieriuin  and  Lophiodon,  have 
been  found.  The  middle  division,  or  caicaire  grossier  proper,  con- 
sists of  a  coarse  limestone,  often  passing  into  sand.  It  containa  the 
greater  number  of  the  fosail  shells  which  characterize  the  Paris 
basin.  No  less  than  400  distinct  species  have  been  procured  from 
a  single  spot  near  Grignon,  where  tbey  are  embedded  in  a  calca- 
reous aand,  chiefly  formed  of  comminuted  sheila,  in  which,  neverthe- 
less, individuals  in  a  perfect  state  of  preservation,  both  of  marine, 
terrestrial,  and  ireshwater  species,  are  mingled  together.  Some  of 
the  marine  shells  may  have  lived  on  the  spot ;  but  the  Cffdoiloma 
and  Lttnnea  must  have  been  brought  thither  by  rivers  and  currents, 
and  the  quantity  of  triturated  shells  implies  considerable  movement 
in  the  waters. 

Nothing  is  more  striking  in  this  assemblage  of  fossil  testacea  than 
the  great  proportion  of  species  referable  to  the  genus  Cerithium  (see 
figures,  p.  238.).  There  occur  no  less  than  137  species  of  this  genus 
in  the  Paris  basin,  and  almost  all  of  tbem  in  the  caicaire  grossier. 
Most  of  the  living  CeritAia  inhabit  the  sea  near  the  mouths  of  rivers, 
where  the  waters  are  brackish;  so  that  their  abundance  in  the 
marine  strata  now  under  consideration  is  in  harmony  with  the  hypo- 
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ibeaa  thftt  the  Paris  basin  formed  a  gnlf  into  which  several  rivers 
flowed. 

In  some  parts  of  the  calcaire  grossier  round  Paris,  certain  beds 
occar  of  a  stone  used  in  building,  and  called  by  the  French  geologists 
"Miliolite  limestone."  It  is  almost  entirely  made  up  of  millions  of 
microscopic  shells,  of  the  size  of  minnte  grains  of  sand,  which  all 
belong  to  the  class  Foraminifera.  Figures  of  some  of  these  are  given 
in  the  annexed  woodcut     As  this  miliolitic  stone  never  occurs  in  the 
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Faluns,  or  Upper  Miocene  strata  of  Brittany  and  Touraine,  it  often 
(amishea  the  geologist  with  a  useful  criterion  for  distiDguishiDg  the 
detached  Eocene  and  Miocene  formations  scattered  over  those  and 
other  adjoining  provinces.  The  discovery  of  the  remains  of  Paleo- 
tfaerinm  and  other  mammalia  in  some  of  the  upper  beds  of  the  cal- 
caire ffrossier  shows  that  these  land  animals  began  to  exist  before 
the  deposition  of  the  overlying  gypseous  series  had  commenced. 


I,  L.OOgIc 


302  MIDDLE   EOCENE   FOBHATIOIfB,   FRANCE.        [Ch.  XTI. 

Lower  Caleaire  grottier,  or  Glaitcortie  grottHre  (B.  1.,  p.  295.). — 
The  lower  part  of  the  caleaire  grossior,  which  often  contains  much 
green  earth,  is  characterized  at  Auver§,  near  Fontoise,  to  the  north 
of  Paris,  and  Btill  more  in  the  environB  of  Compiegne,  by  the  abun- 
dance of  nummalites,  coneisting  chiefly  of  N.  lavigata,  N.  scabra, 
and  N,  Lamareki,  which  constitute  a  large  proportion  of  some  of  the 
stony  strata,  though  these  same  foraminifera  are  wanUng  in  beds  of 
similar  age  in  the  immediate  environs  of  Paris. 

Soistonnait  tand*,  or  Lilt  eoquillurt  (B.  2.,  p.  295.). — Below  tbe 
preceding  formation,  shelly  sands  are  seen,  of  considerable  thickness, 
especially  at  Cuisse-Lamotte,  near  Compiegoe,  and  other  localities  in 
tbe  SoisBonuais,  about  fifty  mUesN.E.  of  Paris,  from  which  about  300 
species  of  shells  have  been  obtained,  many  of  them  common  tt>  the 
caleaire  grossier  and  the  Bracklesham  beds  of  England,  and  many 
peculiar.  The  Nummulitet  planulala  is  very  abundant,  and  the 
most  characteristic  shell  is  the  Nerita  eimoidea.  Lam,,  a  fossil  which 


has  a  very  wide  geographical  range;  for,  as  M.  d'Archiac  remarks, 
it  accompanies  tbe  nummulitio  formation  from  Europe  to  India, 
having  been  found  in  Cutch,  near  the  mouths  of  the  Indua,  asso- 
ciated with  NummtdiUs  scabra.  Ho  less  than  33  shells  of  this  group 
are  said  to  be  identical  with  shells  of  the  London  clay  proper,  yet, 
after  visiting  Cuisse-Lamotte  and  other  localities  of  the  "  Sables  In- 
f^rieurs"  of  Archiac,  I  agree  with  Mr.  Preatwich,  that  the  latter 
are  probably  newer  than  the  London  clay,  and  perhaps  older  than 


the  Bracklesham  beds  of  England.  The  London  clay  seems  to  be 
unrepresented  in  the  Paris  basin,  unless  partially  so,  by  thesn  sands.* 
One  of  the  shells  of  the  sandy  beds  of  the  SoisHonnais  is  adduced  by 

*  D'Archiac,  Bnlletin,  torn.  z.  i  and  FrMtwich,  Qcol.  Quit.  Jonm.,  1847,  p.  377. 
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M.  Deaha^es  u  an  example  of  the  cbkngea  wfaich  certain  species 
nnderwent  in  the  Baccessive  stages  of  their  existeoce.  It  seems  that 
different  Taiieties  of  the  Cardium  poruloxum  are  characteristic  of 
different  formations.  In  the  Soissonnais  this  shell  acquires  but  a 
small  Tolnme,  and  has  manj  peculiarities,  which  disappear  in  the 
lowest  beds  of  the  calcaire  grossier.  In  these  the  shell  attains  its 
full  size,  with  many  distinctive  characters,  which  are  again  modified 
iu  the  uppermost  beds  of  the  calcaire  grossier;  and  these  last  modi- 
lications  of  form  are  preserved  throughont  the  "  upper  marine  "  (or 
Lower  Miocene)  series-* 

LOWZB  EOCEME   rOOUATIOMB  OF  FBAKCE. 

Arg3epUatique{C  2^  p.295.). — At  the  base  of  the  tertiary  system 
in  Prance  are  extensive  deposits  of  sands,  with  occasion^  beds  of  clay 
used  for  pottery,  and  called  "  argile  plasttque."  Fossil  oysters  (  Oiirea 
bellovadrta)  abound  in  some  places,  and  in  others  there  is  a  mixture 
of  flaviatile  shells,  snch  as  Cyrena  eunttformit  (fig.  262.  p.  293.), 
Metania  ingianata  (fig.  263.),  and  others,  frequently  met  with  in 
beds  occupying  the  same  position  in  the  valley  of  the  Thames. 
Layers  of  lignite  also  accompany  the  inferior  clays  and  sands. 

Immediately  upon  the  chalk  at  the  bottom  of  all  the  tertiary  strata 
in  France  there  generally  is  a  conglomerate  or  breccia  of  rolled  and 
angular  chalk-flints,  cemented  by  siliceous  sand.  These  beds  appear 
to  be  of  littoral  origin,  and  imply  the  previous  emergence  of  the 
chalk,  and  its  waste  by  denudation.  In  the  year  1855,  the  tibia  and 
femur  of  a  large  bird  equalling  at  least  the  ostrich  in  size  were 
found  at  Meudon,  near  Paris,  at  the  base  of  the  Plastic  clay.  Thi^ 
bird,  to  which  the  name  of  GattomU  Parisittuu  has  been  assigned, 
Appears,  from  the  Memoirs  of  Mlil.  Hubert,  Lartet,  and  Owen,  to 
belong  (o  an  extinct  genus.  Profeseor  Owen  refers  it  to  the  class  of 
wading  land  birds  rather  than  to  an  aquatic  species.f 

That  a  formation  so  much  explored  for  economical  purposes  as 
the  Argile  Plastique  around  Paris,  and  the  clays  and  sands  of  corre- 
sponding age  near  London,  should  never  have  afforded  any  vestige 
of  a  feathered  biped  previously  to  the  year  1855,  shows  what  dili- 
gent search  and  what  skill  in  osteological  interpretation  are  required 
before  the  existence  of  birds  of  remote  ages  can  be  proved  by  more 
decisive  evidence  than  their  footprints. 

Sables  de  Braeheax  (C  3.,  p.  295.). — The  marine  sands  called  the 
Sables  de  Bracheux  (a  place  near  Beauvaia),  are  considered  by  M. 
Hubert  to  he  older  than  the  Lignites  and  Plastic  clay,  and  to  coincide 
in  age  with  the  Tbanet  Sands  of  England.  At  La  Ffere,  in  the 
Department  of  the  Aisne,  in  a  deposit  of  this  age,  a  fossil  skuU  has 
been  found  of  a  quadruped  called  by  Blainville  Antocyon  primavun, 
and  supposed  by  him  to  be  related  both  to  the  bear  and  to  the 
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Kinkajou  (Cereoleptei).  This  creature  appears  to  be  the  oldest 
known  tertiarjr  mammifer, 

Nvmmulitie  formation  of  Europe,  Asia,  ^e. — When  I  visited 
Belgium  and  French  FUndera  in  1851,  with  a  view  of  c(xapitring 
the  tertiary  strata  of  those  coantries  with  the  English  series,  I 
found  that  all  the  beds  between  the  Lower  Miocene  or  Limbnrg 
formations  and  the  Lower  Eocene  or  London  clnj  proper,  might 
be  conTeniently  divided  into  three  sections,  distinguished,  among 
other  palsMiotological  characters,  by  three  different  species  of  nnm- 
mulites,  N.  variolaria  in  upper  beds,  N.  lavigata  in  the  middle 
and  y.  planuiata  in  the  lower.  After  I  bad  adopted  this  classifica- 
tion, I  found,  what  I  had  overlooked  or  forgotten,  that  the  super- 
position  of  these  three  species  in  the  order  here  assigned  to  them 
had  been  previousiy  recognized  in  the  Nortb  of  France,  in  1642,  by 
Viscount  d'Arcbiac  The  same  author,  in  the  valuable  mont^aph 
published  by  him  in  1853*,  has  observed  that  a  somewhat  similar 
distribution  of  these  and  other  species  in  time,  prevails  very  widely 
in  the  South  of  France  and  in  the  Pyrenees,  as  well  as  in  the  Alps 
and  Apennines,  and  in  Istria — the  lowest  nummnlitic  beds  being 
characterized  by  fewer  and  smaller  species,  the  middle  by  a  greater 
number  and  by  those  which  individually  attain  the  lai^est  dimen- 
sions, and  the  uppermost  beds  again  by  small  species. 

In  the  treatise  alluded  to,  M.  d'Archiao  describes  no  less  than 
fifty-two  species  of  this  genus,  and  considers  that  they  are  all  of 
them  characteristic  of  those  tertiary  strata  which  I  have  called 
Middle  Eocene.  In  very  few  instances  at  least  do  certain  species 
diverge  from  this  narrow  limit,  whether  into  incumbent  or  suljacent 
tertiary  Formations,  one  or  two  species  only,  of  which  Nummulitet 
intermedia,  also  a  Middle  Eocene  form,  is  an  example,  ascend  into 
the  Lower  Miocene,  but  it  seems  doubtful  whether  uiy  of  them 
descend  to  the  level  of  the  London  clay.  Certainly  they  have  never 
been  traced  so  low  down  as  the  marine  beds,  coevfd  with  the  Plastic 
clay  or  Lignite,  in  any  country  of  which  the  geology  faas  been  well 
worked  out.  This  conclusion  is  a  very  uuezpected  result  of  recent 
enquiry,  since  for  many  years  it  was  a  matter  of  controversy 
whether  the  nummulitic  rocks  of  the  Alps  and  Pyrenees  ought  not 
to  be  regarded  as  cretaceous  rather  than  Eocene.  The  late  M.  Alex. 
Brongniart  first  declared  the  specific  identity  of  many  shells  of  the 
marine  Eocene  strata  near  Paris,  and  those  of  the  nummulitic  forma- 
tion of  Switzerland,  although  he  obtained  these  lost  from  the  summit 
of  the  Diablerets,  one  of  the  loftiest  of  the  Swiss  Alps,  which  rises 
more  than  10,000  feet  above  the  level  of  the  sea. 

The  nummulitic  limestone  of  the  Alps  is  often  of  great  thickness, 
and  is  immediately  covered  by  another  series  of  strata  of  dark- 
coloured  slates,  marls,  and  fucoidal  sandstones,  to  the  whole  of 
which  the  provincial  name  of  "fiysch"  has  been  given  in  parts 
of  Snitzerland.     The  researches  of  Sir  Roderick  Murcbison  in  the 

*  Animanx  FoM.  do  Gnnipe  nommnl.  de  I'lnde.    Paris,  1853. 
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Alps  in  1.847  hftre  shown  that  mil  these  tertiary  stntk  enter  into 
the  dietarbed  and  loftiest  portion  of  the  Alpine  chain,  to  the 
apbearal  of  which  they  enable  us  therefore  to  assign  &  compara- 
tively  modem  date. 

The  nnmmnlitic  formation,  with  its  characteristio  fossils,  plays 
a  far  more  conspicaouB  part  than  any  other  tertiary  group  in  the 
■olid  framework  of  the  earth's  crust,  whether  in  Europe,  Asia,  or 
Africa.  It  often  attains  a  thickness  of  many  thousand  feet,  and 
extends  from  the  Alps  to  the  Carpathians,  and  is  in  full  force  in  the 
north  of  Africa,  as,  for  example,  in  Algeria  and  Morocco.  It  has 
also  been  traced  from  Egypt,  where  it  was  largely  quarried  of  old 
for  the  building  of  the  Pyramids,  into  Asia  Minor,  and  across  Persia 
by  Bagdad  to  the  months  of  the  Indus.  It  occurs  not  only  in  Catch, 
but  in  the  mountain  ranges  which  separate  Scinde  from  Persia,  and 
which  form  the  passes  leading  to  Caboul ;  and  it  has  been  followed  . 
still  farther  eastward  into  India,  as  far  as  eastern  Bengal  and  the 
frontiers  of  China. 


KBmf»«n  PKKJti;  D'Archlv.    Farnhand*,  PyiwHi 


Dr.  T.  Thompson  found  nammulites  at  an  elevation  of  no  less  than 
16,500  feet  above  the  level  of  the  sea,  iu  Western  Thibet. 

One  of  the  species,  which  I  myself  found  very  abundant  on  the 
flanks  of  the  Fyreoees,  in  a  compact  crystalline  p,^  ,„_ 

marble  (fig,  271.)  is  called  by  M.d'ArcbiaciPMm- 
mulitet  Ihuehi.  The  same  is  also  very  common  in 
rocks  of  the  same  age  in  the  Carpathians. 

Another  targe  species(see  fig.  272.),  NummuliUi:  i 
txptment,  J.  Sow.,  occurs  not  only  in  the  South  of 
France,  near  Dax,  but  in  Germany,  Italy,  Asia 
Minor,  and  iu  Cutch ;  also  in  the  mountains  of 
Sylhet,  on  the  frontiers  of  China.  SumMnuin  rtrtn™. 

In  many  of  the  distant  countries  above  alluded       '     """*" 
to,  in  Cutch,  for  example,  some  of  the  same  shells,  such  as  Nerila 
eotimdta  (fig.  269.),  accompany  the  nummuhtes,  as  in  France. 

The  opinion  of  mauy  observers,  that  the  Nummulitic  formation 
belongs  partly  to  the  cretaceous  era,  seems  chiefly  to  have  arisen 
from  confounding  an  allied  genus,  Orbitoides,  with  the  true  Num- 
mulite. 

X 
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When  we  have  once  nrriTednt  the  coDviction  that  the  nnmrnDli  tic 
fonnatioD  occupies  a  middle  place  in  the  Eocene  series,  we  are 
Btrnck  with  the  comparatiTclj  modern  date  to  which  some  of  the 
frreatest  revolntions  in  the  physical  geography  of  Europe,  Asia,  and 
Northern  Africa  mnat  Ue  referred.  All  the  mountain  ehaina,  such 
as  the  Alps,  Pyrenees,  Carpathians,  and  Himalayas,  into  the  compo- 
sition of  whose  central  and  loftiest  parts  the  nummnlitic  strata 
enter  bodily,  could  have  had  no  existence  till  after  the  Middle  Eocene 
period.  During  that  period  the  sea  prevailed  where  these^  chains 
now  rise,  for  nnmmulites  and  their  accompanying  testacea  were  un- 
qaestionably  inhabitants  of  salt  water.  Before  these  events,  com- 
prising the  conversion  of  a  wide  area  from  a  sea  to  a  continent, 
England  had  been  peopled,  as  I  before  pointed  out  (p.  292.),  by 
various  quadrupeds,  by  herbivorous  pachyderms,  by  insectivorous 
bats,  and  by  opossams. 

Almost  alt  the  extinct  volcanoes  which  preserve  any  remains  ot 
their  original  form,  or  from  the  craters  of  which  lava  streams  can 
be  traced,  are  more  modem  than  tlie  Eocene  faona  now  under  con- 
sideration ;  and  besides  these  superficial  monuments  of  the  action  ot 
beat,  Plutonic  influences  have  worked  vast  changes  in  the  texture  ot 
rocks  within  the  same  period.  Some  m^ibers  of  the  nummulitle 
and  overlying  tertiary  strata  called  Jlytch  have  actually  been  con* 
verted  in  the  central  Alps  into  crystalline  rocks,  and  transformed 
into  marble^  qaartt-rock,  mica-schist,  and  gneiss.* 

BOCEICS   BT&1.TA,  IK  THE   USITED  STATES. 

In  North  America  the  Eocene  formations  occupy  a  large  area 
bordering  the  Atlantic,  which  increases  in  breadth  and  importance 
as  it  is  traced  southwards  from  Delaware  and  Maryland  to  Georgia 
and  Alabama.  They  also  occur  in  Louisiana  and  other  states  both 
east  and  w«st  of  the  valley  of  the  Mississippi.  At  Claiborne  in 
Alabama,  bo  less  than  four  hundred  species  of  marine  shells,  with 
many  eehiooderms  and  teeth  of  fish,  characterize  one  member  of 
this  system.  Among  the  shells,  the  Cardila  planicoila,  before  men- 
tioned (fig.  235.  p.  286.),  is  in  abundance ;  and  this  fossil  and  some 
othert  ideutjca]  with  European  species,  or  very  nearly  allied  to  them, 
make  it  hi^Iy  probable  that  the  Claiborne  beds  agree  in  age  with 
the  central  or  Brackleaham  group  of  England,  and  with  the  calcaire 
groBsier  ot  Faris-f 

Higher  in  the  series  is  a  remarkable  calcareous  rock,  formerly 
called  "  the  nummnlite  limestone,"  from  the  great  number  of  discoid 
bodies  resembling  nummulites  which  it  contains,  fossils  now  re- 
ferred by  A.  d'Orbigny  to  the  genus   Orbitoidei,  which  has  been 

*  HarohiMn,  Qoart.  Joura.  of  OeoL  t  8m  papo"  bj  the  Antboiv  Qttsrt. 
Soc,  ToL  T.,  and  Ljell,  toL  tu  USD.  Joam.  GeoLSo&.ToLiT.  p.  1>.  i  andSe- 
AnaiTenuj  Addren.  coad  TUit  to  tlM  U.  8.,  voL  iL  p.  69. 
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demoDstnted  by  Dr.  Carpenter  to  belong  to  the  for&minifern.' 
That  naturalist,  moreover,  ie  of  opinion  that  the  Orbitoides  allnded 
to  (O.  ManleUi)  is  of  the  ume  species  as  one  found  in  Cutch  in  the 
Middle  Eocene  or  nnmmulitic  fomiatioa  of  India.  The  following 
Bection  will  enable  the  reader  to  anderstiind  the  position  of  three 
subdivisions  of  the  Eocene  series,  Nos.  1,  2,  and  3.,  the  relations  of 
which  I  ascertained  in  Clarke  County,  between  the  rivers  Alabama 
and  Tombeckbee. 


nt.m. 


The  lowest  set  of  strata,  No.  1^  having  a  thickness  of  more  than 
100  feet,  comprise  marly  beds,  in  which  the  Ottrea  tellaformu 
occars,  a  shell  ranging  from  Alabama  to  Virginia,  and  being  a 
representative  form  of  the  Ottrea _fiaMlula  of  tbe  Eocene  group  of 
Europe.  In  other  beds  of  No.  1.,  two  European  shells,  Cardila 
planicotta,  before  mentioned,  and  Solaritim  eanalteulatutn,  are  found 
with  a  great  many  other  species  peculiar  to  America.  NDmcroux 
corals  also,  and  the  remains  of  placoid  Ssh  and  of  rays,  occur,  and 
the  "  swords  "  (fig.  237.  p.  287.),  as  they  are  called,  of  sword-fishes, 
all  bearing  a  great  generic  likeness  to  tJtose  of  the  Eocene  strata  of 
England  and  France. 

No.  2.  (fig,  273.)is  awhite  limestone,  sometimes  aott  and  argil- 
laceons,  but  in  parts  very  compact  and  calcareoas.  It  contains 
several  peculiar  corals,  and  a  l^rge  Nautilus  allied  to  i^  aetae ; 
also  in  its  upper  bed  a  gigantic  cetacean,  called  Zewglodon  by 
Owen.f 

The  colossal  bones  of  this  cetacean  m%  so  plentiful  in  the  in- 
terior of  Clarke  County  as  to  be  characteristic  of  the  formation. 
The  vertebral  column  of  one  skeleton  found  by  Dr.  Buckley  at  a 
spot  visited  by  me,  extended  to  the  length  of  nearly  70  feet,  and  not 
for  off  part  of  another  backbone  nearly  60  feet  long  was  dug  up. 
I  obtained  evidence,  during  a  short  excursion,  of  so  many  localities 
of  this  fossil  animal  within  a  distance  of  10  miles,  as  to  lead  me  to 

■  QdM.  Jonni.  G«oL  Soc.  toL  vi  Jonni.  of  Acad.  Not  Sd.  Fhllad,  vol  i. 
p.  33.  IS47. 
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conclude  thkt  'thej  must  hsve  belonged  to  at  least  fortj  dutinct 
iadividaala. 

Prof.  Owen  first  pointed  oat  that  this  huge  animal  was  not  rep- 
tilian, since  each  tooth  was  furnished  with  double  roots  (see  tg. 
'  274.),  implanted  in  corresponding  double  sockets  ;  and  hia  opioion 


Fig.  tit.  Haiti  uwlb.  nitDRl  ilie.  F<f .  m.  Varttbn.  nOimA. 

of  the  cetacean  nature  of  the  fossil  was  afterwards  confirmed  by  Dr. 
Wyman  and  Dr.  E.  W,  Gibbes.  That  it  was  an  extinct  mammal 
of  the  whale  tribe  has  since  been  placed  beyond  all  doubt  hj  the 
discovery  of  the  entire  skull  of  another  fossil  species  of  the  same 
family,  having  the  double  occipital  condyles  only  met  with  in 
mammals,  and  the  convulnted  tympanic  bones  which  are  character- 
istic of  cetaceans. 

Near  the  junction  of  No.  2.  and  tbe  incumbent  limestone.  No.  3., 
next  to  be  mentioned,  are  strata  characterized  by  tbe  foUowing 
shells :  Spoitdylus  dumoiut  (Ploffiottoma  dumosum,  Morton),  PeeU» 
Powltoni,  Peetea  perplaniu,  and  Osfrea  erelacta. 

No.  3.  (fig.  273.)  is  a  white  limestone,  for  tbe  moat  part  made 
up  of  the  Orbitoidet  of  D'Orbigny  before  mentioned  (p.  307.),  for* 
merly  supposed  to  be  a  nummulite,  and  called  JV.  Mantelli,  mixed 
with  a  few  lunulit«a,  some  small  corals,  and  shells,*  The  origiut 
therefore,  of  this  cream-coloured  soft  atone,  like  that  of  oar  white 
chalk,  which  it  much  resembles,  is,  I  believe,  due  to  the  decompo- 
sition of  these  foraminifera.  The  surface  of  tbe  eounby  where 
it  prevails  is  sometimes  marked  by  the  absence  of^rood,  like  our 
chalk  downs,  or  is  covered  exclusively  by  the  Junipertu  Vir- 
ffiniatui,  as  certain  chalk  districts  in  England  by  the  yeir  tree  and 
juniper. 

Some  of  the  shells  of  this  limestone  are  common  to  the  Claiborne 
beds,  hut  many  of  them  are  peculiar. 

It  will  be  seen  in  tbe  section  (fig.  273.  p.  307.)  tbat  the  strata 
Nos.  1,  2,  3.  are,  for  the  most  part,  overlaid  by  a  dense  fonnatloa  of 

•  LyoU,  Qrait.  Jouni.  Gwl  Sot,  184r,ToLir.  p.  15. 
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nod  or  c\a,y  irithont  foMile.  In  some  pointa  of  the  bluff  or  cliff  of 
the  Alnbam&  Biver,  at  Claiborne,  the  beda  Nos.  1,  2.  are  exposed 
Dnri^  from  top  to  bottom,  whereas  at  other  pointa  the  newer  forma> 
tioD,  No.  4.,  Dccnpies  the  face  of  nearlj  the  whole  cliff.  The  tige  of 
this  OTerljing  mass  has  not  jet  been  determined,  as  it  has  hitherto 
proved  destitute  of  organic  remains. 

The  burr-stone  strata  of  the  Southern  States  contain  so  many 
fosiiU  agreeing  with  those  of  Claiborne,  that  it  doubtless  belongs  to 
the  same  part  of  the  Eocene  group,  though  I  was  not  fortunate 
enoogh  to  see  the  relations  of  the  two  deposits  in  a  continuous  sec- 
^on.  Mr.  Tuomey  considers  it  as  the  lower  portion  of  the  series. 
It  msj,  perhaps,  be  a  form  of  the  Claiborne  beds  in  places  where 
lime  was  wanting,  and  wfaer«  eilex,  derived  from  the  decomposi- 
tioo  of  fdspar,  predominated.  It  ooasists  chiefly  of  slaty  clays, 
qnsrtzose  sands,  and  loam,  of  a  brick-red  colour,  with  layers  of 
cellalar  chert  or  burr-stone,  used  in  some  places  for  mill-stones. 
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CHAPTER  XVn. 

CRETACEOUS  GROUP. 

Impk  of  tlms  betwMD  the  CnUceoiu  mnd  Eocene  period* — Wbether  certdD 
fannatioD*  in  Belgium  and  Frssce  are  of  intemediUB  age — FiK>liuc  limeMone 
— BiTisioiu  oF  ihe  Cretaceou  teriea  in  Itonh-'WeMcni  Ean^e — Haeuricht 
bed4 — Chelk  of  Faxoe — While  chalk — lU  geogrmphical  eztenC  ud  origin — 
Tonned  in  >n  open  and  deep  Ka— Huw  far  deriTed  frant  ahelli  and  corab-^ 
A  eimiUr  rock  no*  in  progreu  in  the  depthi  of  the  Atlantic  made  np  of  GloU- 
icerinn — Origin  of  Flint  in  Chalk — Siliceoni  Dialomacen  of  the  Atlantic — 
Bj  what  intermittent  action  the  alternate  lajer*  of  wbiw  chalk  and  Sint  toaj 
hare  been  canaed — Pot-atones  of  Horatead — laoUted  pebbles  of  qaant  and 
foreign  rocks  in  chalk — Fossils  of  the  Upper  Creiaceons  rocki — Echiaodeimi, 
Hollusca,  BrjOEoa,  Spont^ea — Upper  OnMaaaad  and  Ganlt— Black  down  beds 
— Flora  of  tbe  Upper  Cretaeeoai  period — Foaail  plania  of  Aix-U-Cbapelle — 
Large  proportion  of  Dicotjledooooa  Angioepenna — Their  co-exiacence  nitb 
large  extinct  genen  of  teptilea^Chalk  of  South  of  Eorope — Eippurite  lime- 
stone— Cretaceous  rocks  of  the  United  Statea. 

Hatino  treated  in  the  preceding  chapters  of  the  tertiary  atnita,  we 
have  next  to  speak  of  the  appermost  of  the  eecondaiy  groups,  com- 
monly called  the  chalk  or  the  cretaceous  strata,  from  erela,  the  Latin 
name  for  that  remarkable  white  earthy  limestone,  which  constitutes 
an  upper  member  of  the  group  in  those  parts  of  Europe  where  it  was 
first  studied.  The  marked  discordance  in  the  fossils  of  the  tertiary, 
as  compared  with  the  cretaceous  formations,  has  long  induced  many 
geologists  to  suspect  that  an  indefinite  series  of  ages  elapsed  between 
the  respective  periods  of  their  origin.  Measured,  indeed,  by  such  a 
standard,  that  is  to  say,  by  the  amonnt  of  change  in  the  Fauna  and 
Flora  of  the  earth  effected  in  the  interval,  the  time  between  tbe 
Cretaceous  and  Eocene  may  have  been  as  great  as  that  between  the 
Eocene  and  Recent  periods,  to  the  history  of  which  tbe  last  seven 
chapters  have  been  devoted.  Several  fragmentary  deposits  have 
been  met  with  here  and  there,  in  the  course  of  the  last  half  century, 
of  an  age  intermediate  between  the  white  chalk  and  the  plastic  clays 
and  sands  of  the  Paris  and  Londi»i  districts,  monuments  which  have 
the  same  kind  of  interest  to  a  geologist  which  certiun  mediteval 
records  excite  when  we  study  the  history  of  nations.  For  both  of 
them  throw  light  on  ages  of  darkness,  preceded  and  followed  by 
others  of  which  the  annals  are  comparatively  well  known  te  ns. 
But  these  newly-discovered  records  do  not  fill  up  the  wide  g^,  some 
of  them  being  closely  allied  to  the  Eocene,  and  others  to  the  Creta- 
ceous type,  while  none  appear  as  yet  to  possess  so  distinct  and  cha- 
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racteristic  a  fauDm  ue  may  entitle  tbam  to  hold  an  independent  pUce 
in  the  great  chronological  eerieB. 

Among  the  formations  alluded  to,  the  Thanet  Sands  of  Frestwich 
have  been  sufficieotly  described  in  the  last  chapter,  and  classed  as 
Lower  Eocene.  To  the  same  tertiary  series  belong  the  Belgian 
fbnnations,  called  by  Professor  Dumont,  Landenian  and  Heersian, 
althongh  the  latter  may  be  of  higher  antiquity  than  the  Thanet 
Sands.  On  the  other  hand,  the  Maestricht  and  Fazoe  limestones 
are  rery  closely  connected  with  tbe  chalk,  to  which  also  the  Fiso- 
litic  limestmie  of  France  has  been  referred  by  high  antfaorities. 

The  Lower  Landenian  beds  of  Belgium  consist  of  marls  and  sands, 
often  (tontaining  much  green  earth,  called  glaueomte.  They  may  be 
Been  at  Tournay,  and  at  Angres,  near  Mons,  and  at  Orp-te-Grand, 
Lincent,  and  Landenin  the  ancient  province  of  Hesbaye,  in  Belgium, 
where  they  snpply  a  durable  building-atone,  yet  one  so  light  as  to  be 
easily  transported.  Some  few  shells  of  the  genus  Pkoladomya, 
Sealaria,  and  others,  agree  specifically  with  fossils  of  tbe  Thanet 
bands  ;  but  most  of  them,  such  as  Attarte  inaquH<iiera,  Nyst,  are 
peculiar.  In  the  building-etone  of  Orp-le-Grejid,  I  found  a  Car- 
dituter,  a  genus  which,  according  to  Frofessor  £.  Forbef^  was  pre> 
viously  unknown  in  rocks  newer  than  the  cretaeeoMt. 

Still  older  than  the  Lower  Landenian  is  the  marl,  or  calcareous 
glanconil«,  of  the  village  of  Heers,  near  Waremme,  in  Belgium  ;  also 
.seen  at  Marlinne  in  the  same  district,  where  I  have  examined  it. 
It  has  been  sometimes  classed  with  the  cretaceous  series,  although 
as  yet  it  has  yielded  no  forms  of  a  decidedly  cretaceous  aspect,  such 
as  Ammonite,  Baculite,  Belemnite,  Hippurite,  he.  The  species  of 
shells  are  for  the  most  part  new  ;  but  it  contains,  according  to  M. 
Hubert,  Pholadomya  cuneata,  an  Eocene  fossil,  and  he  assigns  it 
with  confidence  to  the  tertiary  series. 

PUolitie  Umetlone  of  France. — Geologists  have  been  still  more  at 
variance  respecting  the  chronological  relations  of  this  rock,  which  is 
met  with  in  the  neighbourhood  of  Paris,  and  at  places  north,  soutlj, 
east,  and  west  of  that  metropolis,  as  between  Vertus  and  Laversines, 
Heudon  and  Montereau.  It  is  usually  in  the  form  of  a  coarse 
yellowish  or  whitish  limestone,  and  tbe  total  thickness  of  the  series 
of  beds  already  known  is  aboot  100  feet.  Its  geographical  range, 
according  to  SI.  Hubert,  is  not  leas  than  45  leagues  irom  east  to 
west,  and  35  from  north  to  south.  Within  these  limits  it  occurs  in 
small  patches  only,  restii^  unconformably  on  the  white  chalk.  It 
was  originally  regarded  as  cretaceous  by  M,  E.  de  Beaumont,  on  the 
ground  of  its  having  undergone,  like  the  white  chalk,  e-ttensivu 
denudation  previous  to  the  Eocene  period  ;  but  many  able  palROn- 
tologists,  and  among  others  MM.  C.  d'Orbigny,  Deshayea,  and 
d'Arcbiac,  disputed  this  conclusion,  and,  after  enumerating  54 
species  of  fossils,  declared  that  tht^ir  appearance  was  more  tertiary 
than  cretaceous.  More  recently,  M.  Hubert,  having  found  the /'eeten 
f«<r(frteoffattu,  a  cretaceous  species,  in  this  same  pisolitic  rock,  at 
Moutereau  near  Paris,  and  some  few  other  fossils  common  to  the 
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Maeatricht  chftlk,  and  to  the  Bacnlite  limestone  of  the  Cotentin,  in 
Normandy,  clused  it  as  &n  upper  member  of  the  cretaceous  group, 
an  opinion  since  adopted  byM.  Alcide  d'Orbignj,  who  has  careinllj 
examined  the  fossils.  The  Nautiliu  Danieiu,  fig.  278.,  and  two  or 
three  other  species  found  in  this  rode,  are  frequent  in  that  of  Faxoe 
in  Denmark,  but  as  jet  no  Ammonites,  Hamites,  Scaphitea,  Turm- 
litea,  Baculites,  or  Uippurites  have  been  met  with.  The  proportion 
of  peculiar  species,  many  of  them  of  tertiary  aspect,  is  confessedly 
Urge  ;  and  great  aqueous  erosion  suffered  by  the  white  chalk,  before 
the  pisolitic  limestone  was  fbrmed,  affords  an  additional  indication  of 
the  two  deponts  being  widely  separated  in  time.  The  pisolitic 
formation,  therefore,  may  erentually  prove  to  be  somewhat  mora 
intermediate  in  dale  between  the  secondary  and  tertiary  epochs  than 
the  Maestri  cht  rock. 

It  should,  however,  be  observed,  that  all  the  above>mentioned 
strata,  from  the  Thanet  Sanda  to  the  Pisolitic  limestone  inctnaive, 
and  even  the  Maestricht  rock,  next  to  be  described,  exhibit  marks 
of  denudation  experienced  at  various  dates,  subsequently  to  the 
conaolidation  of  the  white  chalk.  Thia  fact  helpa  na  in  aome  degree 
to  explain  the  remarkable  break  in  the  aequence  of  European  rocks, 
between  the  secondary  and  tertiary  eras,  for  many  strata  which  once 
existed  have  doubtlesa  been  ewept  away. 


CLAseo-icjL'noK  or  thx  cretaceoits  bocks. 

The  cretaceous  group  haa  genially  been  divided  into  an  Upper 
and  a  Lower  series,  each  of  them  comprising  several  subdivieiona, 
diatinguiahed  by  peculiar  foesila,  and  eometimes  retaining  a  uniform 
mineral  character  throughout  wide  areas.  The  Upper  series  is  often 
called  familiarly  tht  chalk,  and  the  Lower  the  greentand,  the  last- 
mentioned  name  being  derived  from  the  green  colour  imparted  to 
certiun  strata  by  grains  of  chloritic  matter.  The  following  table 
comprises  the  names  of  the  subdivisions  most  commonly  adopted  i— 


A.  1.  Hwftricht  bed!  and  Fazos  limealODea. 
1.  White  chalk  with  flinu. 

S.  Cbalk  marl,  or  gnj  chalk  ilighclj  argillaeeoai. 

4.  Dpp«r  Oiveniaiiil,  occarionallj  iirith   beda  of  chert,  and  with  chloritic  marl 

(crsie  chloril£e  of  French  aathon)  in  the  apper  portion. 

5.  Oaulc,  incladiDg  the  Blackdown  beda. 

lOWKB  caKMOBODS  (or  Nmmmiaii). 

B.  1.  Lower  Greenland — green  land,  iroa  land,  cla;,  and  occasional  beds  of 

limeatone  (Eentiih  Ba^). 
S.  WMlden  bedj  or  Weald  clay  and  Hastingt  aaodi.* 

■  M.  Alcide  d'Orbigny.  in  h>>  vataable  work  entitled  Pal&intologie  Franfalie^ 
has  adopted  new  ternu  for  the  XVench  iahdiTiaioEU  of  ihe  Cretaceous  SerfSiv 
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MatUrickt  Beds. — On  the  banks  of  the  Meuse,  at  Maeatricht, 
reposing  on  ordinary  white  chaltc  with  flints,  we  find  an  upper  cal- 
careons  formation  BJ>out  100  feet  thiclc,  the  fossiU  of  which  are,  on 
the  whole,  very  peculiar,  and  all  distinct  from  tertiary  species.  Some 
few  are  of  species  common  to  the  inferior  white  chalk,  among  which 
may  be  mentioned  BeUmnitea  mucronattu  (fig.  290.  p.  323.)  and 
Pecten  guadricotlaltu,  a  shell  regarded  by  many  as  a  mere  variety  of 
P.  quingitecotlatiu  (see  fig.  305.  p.  825.).  Besides  the  Belemnite  there 
are  other  genera,  such  as  Baculite  and  Hamite,  never  found  in  strata 
newer  than  the  cretaceous,  but  frequently  met  with  in  these  Maea- 
tricht beds.  On  the  other  band,  Valuta,  Pasciotaria,  and  other 
frenera  of  univalve  shells,  osually  met  with  only  in  tertiary  strata, 
occur. 

The  upper  part  of  the  rock,  about  20  feet  thick,  as  seen  in  St. 
Peter's  Mount,  in  the  suburbs  of  Maeatricht,  abounds  in  corals  and 
Bryozoa,  often  detachable  from  the  matrix  ;  and  these  beds  are 
succeeded  by  a  soft  yellowish  limestone  50  feet  thick,  extensively 
quarried  from  time  immemorial  for  building.  The  stone  below  is 
whiter,  and  contains  occasional  nodules  of  grey  chert  or  chalcedony. 


IfaniMfin  Camprri.    OritfntI  man  VUa  Urn*  fnt  Igaf. 

M.  Bosquet,  with  whom  I  examined  this  formation  (August,  1 850), 
pointed  out  to  me  a  layer  of  chalk  from  two  to  four  inches  thick, 
containing  green  earth  and  numerous  enctinital  stems,  which  forms 

which,  M  hr  M  they  can  be  mads  to  talljr  with  Engliab  equifaleuu,  teein  ex- 
plicable tbn* . — 

Etage  Danien.  MseMriuht  bed*. 

—  Sfnonian.  Wbile  cbalk,  uid  chalk  ihbtL 

—  Taronien.  Pare  of  tbo  chalk  luarL 
— >    Cinommittn.  Upper  Oreenund. 

—  Albien.  (^anlt. 

—  ApiicD.  Upper  put  of  Lower  OrteiMMid. 

—  KMComicD.  Lower  part  of  name. 

—  Niocomien 

inferieur.      Wealdeii  beds  and  contemponuieoiu  marine  Mrau. 
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the  Udb  of  demarcation  between  the  strata  containing  the  fosaila 
peculiar  to  Maeatricht  and  the  white  chalk  below.  The  latter  is 
distill guiuhed  by  regular  layers  of  black  flint  in  nodules,  aod  by 
geveritl  shells,  such  as  Terebratula  eamea  (nee  flg.  301.),  wholly 
wanting  in  beds  higher  than  the  green  band.  Some  of  the  organic 
remaios,  however,  for  which  St.  Peter's  Mount  ia  celebrated,  occur 
both  above  and  below  that  parting  layer,  and,  among  others,  the 
great  marine  reptile  called  Moaasattrut  (see  flg.  276.),  a  saurian 
supposed  to  have  been  24  feet  in  length,  of  which  the  entire  sknll 
tind  a  great  part  of  the  skeleton  have  been  found.  Such  remains 
are  chiefly  met  with  in  the  soft  freestone,  the  principal  member  of 
the  Maeatricht  beds.  Among  the  fossils  comiuon  to  the  Maestricbt 
and  white  chalk  may  be  instanced  the  echinoderm,  fig.  277- 

I  saw  proofs  of  the  previous  denudation  of  the  white  chalk  ex- 

hibited  in  the  lower  bed  of  the  Maestricbt 

formatioo  in  Belgium,  about  30  miles  S.W. 
of  Maeatricht,  at  the  village  of  Jendrain, 
where  the  base  of  tbe  newer  deposit  con> 
sieted  chiefly  of  &  layer  of  well-rolled, 
black,  chalk-flint  pebbles,  in  the  midst 
of  which  perfect  specimens  of  Thecidea 
radiant  and  BeUmnites  wmcronatui  are 
^((>««iirtrnd«(w^g.        embedded. 

Ctaaik  oi  uuit'icht  wid  whiM  Chalk   of   Faxoe. — In    the    island    of 

'^*""''  Seeland,  in  Denmark,  the  newest  mem- 

ber of  the  chalk  series,  seen  in  the  sea-cliffs  at  Stoveusklint  resting 
on  white  chalk  with  flints,  is  a  yellow  limestone,  a  portion  of  which, 
at  Faxoe,  where  it  is  nsed  as  a  building-stone,  is  composed  of  corals, 
even  more  conspicuously  than  is  usually  observed  in  recent  coral 
leefs.  It  has  been  quarried  to  the  depth  of  more  than  40  feet,  but 
its  thickness  is  unknown.  The  embedded  shells  are  chiefly  casts, 
many  of  them  of  univalve  mollusca,  which  are  usually  very  rare  in 


KauUia  LoHlcv.  Ecbl.    Fuw.  DrBIurk. 

the  white  chalk  of  Europe.  Thus,  there  are  two  species  of  Cypraa, 
one  of  Oliva,  two  of  Mitra,  four  of  the  genus  CerUhivm,  six  of 
Fustu,  two  of  Trochut,  one  Patella,  one  EmargtHuia,  &c.  i  on    Uie 
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whole,  more  tbut  thirty  uniT&lveB,  apiral  or  pAtellifonn.  At  the 
same  time,  some  of  the  accompanyiDg  bivalve  shelle,  ecbiDoderniB, 
sad  zoophytes  are  epecificoliy  identical  with  fossils  of  the  true  Cre- 
taceous series.  Atnoog  the  cephalopoda  of  Fazoe  may  be  mentioned 
BaeulUet  Faujatii  and  Belemnilet  mueronatut,  shells  of  the  white 
chatk.  The  Nautilut  JJanicut  (see  fig.  278.)  is  charactwistic  of  this 
formation ;  and  it  also  occurs  in  France  in  the  calcaire  pisolitjque 

of  Laversin  (Department  of  Oise).  

The  claws  and  entire  skull  of  a  small  crab,  Sra-  9 

eAywnu  n^o(K*(ScIilottheim),  are  scattered  through  ^ 

the  Faxoe  stone,  reminding  us  of  aimiUr  crusta' 
ceans  enclosed  in  the  rocks  of  modem  coral  reefa. 
S<Mne  small   portions  of  this  coralline  formation  ^ 

consist  of  white  earthy  chalk  ;  it  ia  therefore  clear  | 

that  this  substance  must  have  been  produced  simul- 
taneously— a  fact  of  some  importance,  as  beariii{{ 
on  the  theory  of  the  origin  of  white  chalk  ;  for  the 
decomposition  of  such  oorals  as  we  aee  at  Faxoe  is 
capable,  we  know,  of  forming  white  mud,  undistin-   n  ^ 

gutshable  from  chalk,  and  which  we  may  suppose   ^  | 

to  have  been  dbperaed  far  and  wide  through  the   | 
ocean,  in  which  such  reefs  as  that  of  Faxoe  grew.   I  f  ' 

White  chalk  (see  Tab.,  p.  312.  et  teq.) The  «  | 

highest  beds  of  chalk  in  England  and  France  con-    | 

sist  of  a  pure,  white,  calcareous  mass,  ustially  too   ^ 

soft  for  a  building-stone,  but  sometimes    passing    s  s 

into  a  more  solid  state.    It  consists,  almoat  purely,   =  'a 

of  carbonate  of  lime  ;  the  stratification  is  often  ob-   ? 

score,  except  where  rendered  distinct  by  interstra-   S 

tiSed  layers  of  flint,  a  few  inches  thick,  occasionally  '^  | 

in  continuous  beds,  but  oftener  in  nodules,  and  re-   if  % 

earring  at  intervals  from  two  to  four  feet  distant  -^  ^ 

from  each  other.  ^  ^ 

This  upper  chalk  ia  Qsually  succeeded,  in  the  | 
descending  order,  by  a  great  mass  of  white  chalk  ^ 
without  flints,  below  which  comes  (he  chalk  marl, 
in  wbich  there  u  a  slight  admixture  of  argillaceous 
matter.     The  united  thickness  of  the  three  divi- 
sions in  the  south  of  England  equals,  in  some  places,  s 
1000  feet  ' 

The  annexed  section  (fig.  279.)  will  show  the 
manner  in  which  the  white  chalk  extends  from 
England  into  Franca,  covered  by  the  tertiary 
strata  described  in  former  chapters,  and  reposing  » 

on  lower  cretaceous  beds.  * 

Gtographieal  extent  otuI  origin  of  the  While  Chalk. — The  area 
over  which  the  white  chalk  preserves  a  nearly  homt^eneous  aspect 
is  so  vast,  that  the  earlier  geologists  despaired  of  discovering  any 
analogous  deposits  of  recent  date.     Pure  chalk,  of  nearly  uniform 
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upect  and  compoaitioD,  is  met  with  io  a  north-west  aod  Boutb-east 
direction,  from  the  north  of  Ireknd  to  tlie  Crimea,  a  distance  of 
about  1140  geographical  miles,  and  ia  an  opposite  direction  it  ex- 
tends from  the  south  of  Sweden  to  the  south  of  Bordeaux,  a  distance 
of  about  840  geographical  miles.  In  Southern  Russia,  according  to 
Sir  B.  Murchieon,  it  is  Bometimes  600  feet  thick,  and  retains  the 
same  mineral  character  as  in  France  and  England,  with  the  same 
fossils,  inclndtng  Inoceratmu  Cumeri,  Bdemnite*  mucronaiui,  and 
OitTta  ve*icularit. 

But  it  would  be  an  error  to  imagine  that  the  chalk  was  ever 
spread  out  continuously  over  the  whole  of  the  space  comprised  within 
these  limits,  although  it  prer^led  in  greater  or  less  thickness  over 
large  portions  of  that  area.  On  turning  to  those  regions  of  the 
Pacific  where  coral  reefe  abound,  we  find  some  archipelagoes  of 
lagoon  island^  anch  as  that  of  the  Dangerous  Archipelago,  for 
iDStance,  and  that  of  Badack,  with  several  adjoining  groups,  which 
are  firom  1100  to  1200  miles  in  length,  and  300  or  400  miles  broad  ; 
and  tbe  space  to  which  Flinders  proposed  to  give  the  name  of  the 
Coralline  Sea  is  still  larger,  for  it  is  bounded  on  the  east  hj  the 
Australian  barrier— all  formed  of  coral  rock— on  the  west  hj  New 
Caledonia,  and  on  the  north  by  the  reefs  of  Louiaiade,  Although 
the  islands  in  theae  areas  may  be  tbiuly  sown,  tbe  mud  of  the  decom- 
posing soophytes  and  foraminifera  may  be  scattered  iar  and  wide 
by  oceanic  currents.  That  this  mnd  would  sometimes  reaemble  chalk 
I  have  already  hinted,  when  speakingof  theFaxoehmeBtoae,p.  314., 
and  it  was  also  remarked  in  an  early  part  of  this  volume,  that  even 
some  of  that  chalk,  which  appears  to  an  ordinary  observer  quite 
destitute  of  organic  remains,  is  nevertheless,  when  seen  under  the 
microscope  full  of  ft^ments  of  corals,  bryOEoa,  and  sponges  ;  to- 
gether with  the  valves  of  entomostraca,  the  shells  of  foraminifera, 
and  still  more  minute  infusoria.     (See  p.  26.) 

Now  it  had  been  often  suspected,  beiore  these  discoveries,  that 
white  chalk  might  be  of  animal  origin,  even  where  every  trace  of 
organic  structure  had  vanished.  This  bold  idea  was  partly  founded 
on  the  fact,  that  the  chalk  consisted  of  carbonate  of  lime,  such  as 
would  result  from  the  decomposition  of  teatacea,  echini,  and  corals  ; 
and  partly  on  the  paaaage  observable  between  tfaeae  fossils  when  half 
decomposed  and  chalk.  But  thia  conjecture  aeemed  to  many  natural- 
ists quite  vague  and  visionary,  until  its  probability  was  strengthened 
by  new  evidence  brought  to  light  by  modern  geologists. 

We  learn  from  Captain  Nelson  that,  in  the  Bermuda  Islands,  and 
in  the  Bahamas,  there  are  many  basins  or  lagoons  almost  surrounded 
and  enclosed  by  reefs  of  corsL  At  the  bottom  of  these  lagoons  a 
soft  white  calcareous  mud  is  formed,  not  merely  from  the  comminu- 
tion of  corallines  (or  calcareous  plants)  and  corals,  together  with  the 
exuvin  of  foraminifera,  mollusks,  echiooderms,  and  crustaceans,  but 
also,  as  Mr.  Darwin  observed  upon  studying  the  coral  islands  of  the 
Pacific,  from  the  focal  matter  qected  by  echinoderms,  conchs,  and 
coral-eating  fish.  In  the  West  Indian  seas,  the  conch  {Strombta  ffiffot) 
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tdds  largely  to  the  chalky  mud  by  means  of  its  ftecal  pellets  com- 
posed of  minute  grains  of  soft  calcareous  matter,  exhibiting  some 
organic  tiesne.  Mr.  Darwin  deBCribes  gregarious  fishes  of  the  genus 
Searut,  seen  through  the  dear  waters  of  the  coral  regions  of  the 
Pacific  browsing  quietly  in  great  numbers  on  living  corals,  like 
grazing  herds  of  gramtnirorous  quadrupeds.  On  opening  their 
boniies,  their  intestines  were  found  to  be  filled 
with  impure  chalk.  This  circumstance  is  the 
more  in  point,  when  we  recollect  how  the 
fossitist  was  formerly  puzzled  by  meeting,  in 
chalk,  with  certain  bodies,  called  "larch- 
cones,"  which  were  afterwards  recognized  by  | 
Dr.  Buckland  to  be  the  excrement  of  fish. 
Such  spiral  coprolites  (fig.  280.),  like  the  scales 
and  bones  of  fossil  fish  in  the  chalk,  are  com-  CopniitHorflih,  ftmuhe 
posed  chiefly  of  phosphate  of  lime.  ''"'^' 

In  the  Bahamas,  the  angel-fish,  and  the  nnicorn  or  trumpet-fish, 
and  many  others,  feed  on  shellfish,  or  on  corals. 

The  mud  derived  from  the  sources  above  mentioned  may  be  actu- 
ally seen  in  the  Maldiva  Atolls  to  be  wajihed  out  of  the  li^ons 
through  narrow  openings  leading  from  the  lagoou  to  the  ocean,  and 
the  waters  of  the  sea  are  discoloured  by  it  for  some  distance.  When 
dried,  this  mud  is  very  like  common  chalk,  and  might  probably  be 
made  by  a  moderate  pressure  to  resemble  it  still  more  closely.* 

Hr.  Dana,  when  describing  the  elevated  coral  reef  of  Oahu,  in  the 
Sandwich  Islands,  says  that  some  varieties  of  the  rock  consist  of 
^gregated  shells,  embedded  in  a  compact  calcareous  base  as  firm  in 
texture  as  any  secondary  limestone ;  while  others  are  like  chalk, 
having  its  colour,  its  earthy  fracture,  its  soil  homogeneous  texture, 
and  being  an  equally  good  writing  materiah  The  same  author  de- 
scribes, in  several  growing  coral  reefii,  a  simitar  formation  of  modem 
chalk,  UD distinguishable  from  the  ancient.|  The  extension,  over  a 
wide  submarine  area,  of  the  calcareous  matrix  of  the  chalk,  as  well 
as  of  the  embedded  fossils,  would  take  place  more  readily  in  conse- 
quence of  the  low  specific  gravity  of  the  shells  of  motlusca  and  zoo- 
phytes, when  compared  with  ordinary  sand  and  mineral  matter.  The 
mnd  also  derived  from  their  decomposition  would  foe  much  lighter 
than  argillaceous  and  inorganic  mud,  and  very  easily  transported  by 
currents,  especially  in  salt  water. 

But  the  analogy  of  existing  coral  reefs  would  better  illnstrate  such 
formations  as  the  Oolitic  limeelones,  to  be  described  in  Chapters  XX. 
and  XXI.,  which  consist  in  great  part  of  compact  rock,  than  the  soft 
and  unconsolidated  white  chalk.  A  new  light  has  recently  been 
thrown  upon  the  origin  of  the  latter  deposit  by  the  deep  soundings 
made  in  the  North  Atlantic,  previous  to  laying  down,  in  ISoS,  the 
electric  telegraph  between  Ireland  and  Newfoundland.    At  depths 

•  8MN«Uon,Geol.TrBnB..lS3T,Tol.v.  f  Oeal  of  U.  S.  Exploring  EipctL, 
P.ID8.;  modOcoLQiun.  Joaro.,  1693,    p.  313.     1849. 
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Bometimee  exceeding  two  miles,  the  mnd  forroiog  the  floor  of  tb« 
ocean  was  found,  when  examined  by  Profeesor  Huxiey,  to  be  almost 
entirely  composed  (more  thut  nineteen -twentieths  of  the  whole)  of 
minute  Rhizopods,  or  foraminiferons  shells  of  the  genns  Globigerina, 
especially  the  species  Glabigtrina  bnOoidei  (see  fig.  281.).  In  the 
remainder  of  the  mad  the  organic  bodies  next  in  quantitj  were  the 
siliceous  shells  called  Pofyeyslineee,  and  next  to  them  the  siliceons 
skeletons  of  plants  c^ed  Jiiatotnaeea  (figs.  282,  283,  284.),  and 
occasionally  soma  siliceous  spicule  of  sponges  (fig.  285,),  were  inter* 
mixed. 


H  sT  Iha  bed  of  tha  Atlufle  •>  tnnt  Ae|iU». 


la  1860,  shells  of  the  same  Globigtrina  were  observed  by  Sir 
Leopold  MacClintoch  and  l>r.  Wallich,  during  the  cruise  of  the 
"  Bulldog,"  to  form,  over  other  wide  areas  of  the  Atlantic,  a  propor- 
tion of  tixmt  95  per  cent,  of  the  mud,  both  between  the  Faroe  Islands 
and  Iceland,  and  between  Iceland  and  Greenland.  The  consistency 
of  the  ooEe  brought  up  tiram  great  depths  in  these  areas  is  described 
as  akin  to  that  of  putty.  On  the  surface  were  found  living  Globi* 
gerinte,  while  immediately  below  were  countless  calcareous  gnuns, 
the  relics  of  bygone  generations.  Each  of  these  grains,  as  will  be 
seen  by  die  magnified  drawing,  Instead  of  being  solid,  consists  of  a 
collection  of  cells,  and  as  similar  Globigerins  form  a  large  part  of 
the  white  chalk,  their  structure,  as  Ur.  Dana  has  well  observed, 
helps  ue  to  naderstsnd  the  imperfect  aggregation  of  that  remarkable 
rock.  At  the  same  time  the  coutinued  growth  of  these  Rbisopods 
over  a  wide  extent  of  deep  ocean  enables  us  to  conceive  how  formerly 
in  European  areas  a  vast  thickness  of  cretaceous  limestone,  very 
uniform  in  composition  and  daToid  of  sand,  pebbles,  terrestrial  Mid. 
freshwater  plants  and  shells,  and  all  other  signs  of  a  neighbouring 
continent,  may  have  been  formed.  That  white  chalk  is  now  form- 
ing  in  the  depths  of  the  ocean,  may  now  he  regarded  as  an  ascer- 
tained fact,  because  the  Gtobigerina  bvUoiiUi  is  specifically  undts- 
tinjruishable  from  a  fossil  which  constitutes  a  large  pcvtian  of  the 
ch^k  of  Europe.  It  is  not  figured  (p.  26.)  among  the  cretaceous 
foruniniiera  discovered  by  Ur.  Lonsdale  in  1835,  because  it  occurs 
for  the  most  part  in  fragments  in  the  white  chalk,  and  the  perfect 
shell  was  not  well  understood  before  it  was  obtained  living  from  the 
bed  of  the  Atlantic    The  Bosalina  figured  in  the  same  page  some- 
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what  resembles  externally  k  Globigeriaft,  bat  it  differs  in  the 
arrangement  of  its  cells. 

Cha{k  Flinit. — The  origin  of  the  layers  of  flint,  whether  in  con- 
tinaoua  sheets  er  in  the  form  of  nodules,  has  always  been  fonnd 
more  difBcult  to  account  for  than  that  of  the  white  chalk.  In 
modem  coral  reefs  no  such  siliceous  masses  are  known  to  be  forming 
But  here  again  the  late  deep-sea  soondings  have  saggested  a  very 
probable  source  of  such  mineral  matter.  During  the  cruise  of  the 
"Bulldog,"  already  alluded  to,  it  was  ascertuned  that  while  the 
calcareous  Globigerina  had  almost  exclusive  possession  of  certain 
tracts  of  the  sea-bottom,  they  were  wholly  wanting  in  others,  as 
between  Greenland  and  Labrador,  Dr.  Wallich  supposes  that  they 
flourish  in  those  spaces  where  they  may  derive  nutriment  from  or- 
ganic and  other  matter,  brought  from  the  south  by  the  warm  waters 
of  the  G-ulf  Stream,  and  that  they  may  be  absent  where  the  eflecta 
of  that  great  current  are  not  felt.  In  several  of  the  spaces  where 
the  calcareous  Rhizopods  are  wanting,  the  microscopic  plants 
called  Diatomacea,  before  mentioned  (flgs.  282.  284.),  the  solid 
parts  of  which  are  siliceous  monopolize  the  ground  at  a  depth  of 
nearly  400  fathoms,  or  2400  feet. 

Mr,  Dana  also  haa  reminded  ds  that  in  the  soundings  made  in  the 
Sea  of  Kamtscbatka  Professor  Bailey  found  the  same  microscopic 
vegetable  organisms  in  as  great  profusion  as  are  the  Globigerinte 
in  the  Atlantic,  and  he  adds  that  when  such  Diatomaces  decom- 
pose, the  alkaline  waters  of  the  ocean  can  take  up  and  hold  in  solu- 
tion only  a  minut«  portion  of  the  silica  set  free,  so  that  an  oppor- 
tunity would  be  given  for  the  remainder  to  form  concretionary 
nodules,  or  to  aggregate  round  any  foreign  body  as  &  nucleus, 
especially  when  such  a  body  is  undergoing  chemical  change  or  de- 
composition. This  would  explaia  the  frequent  occurrence  of  fossils 
within  nodules  of  flint,  and  the  silicification  of  various  organisms.* 
In  some  parts  of  the  southern  hemisphere  likewise,  as  Captaiu 
Maury  observes,  in  lat  13°  S.,  long.  16°  E.,  for  example,  siliceous 
Diatomacea  and  sponge  spicules  are  the  predominant  forms  instead 
of  calcareous  Rhizopods. 

If  it  be  asked  how  the  Difttomocen  above  alluded  to  can  obtain  a 
constant  supply  of  silex  io  solution,  I  may  remind  the  reader  of  the 
decomposition  of  felspathic  rocks  mentioned  above  (p.  42.)  as  a 
copious  source  of  that  mineral.  Almost  all  the  great  rivers  which 
flow  into  the  ocean  must  contain  some  of  it,  and  springs  charged 
with  silex  in  solution  must  rise  up  in  many  parts  of  the  bed  of  the 
ocean  as  they  do  on  dry  land. 

Dr.  Buckland  endeavoured  formerly  to  accouat  for  the  recurrence, 
at  BO  many  distinct  levels,  of  beds  of  nodular  or  tabular  flint  in  the 
chalk,  by  supposing  the  periodical  accumulation  of  widely-extended 
layers  of  mud,  made  up  of  calcareous  and  siliceous  matter.  Wbea 
a  stratum  five  or  six  feet  or  more  in  thickness  had  accnmulated,  its 
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partial  consolidation  took  place,  dnriag  which  the  heavier  sUex  sank 
to  the  bottom,  forming  nodules,  or,  if  it  was  in  sufficient  qtiKntity, 
continuous  layers.*  But  the  thickness  of  the  masses  of  chalk  inter- 
vening between  some  of  the  strata  of  fiint  has  alwajs  made  this 
bypoihesis  somewhat  unsatisfactory,  although  such  e^^gation  of 
siliceous  matter  helps  us  to  conceive  how  isolated  and  scattered 
flint;  nodules  may  sometimes  be  formed  in  the  midst  of  a  calcareous 
matrix.  To  explain  a  regular  succession  of  fiinl^  layers,  we  must 
seek  out  some  intermittent  action,  favouring  alternately  the  deposi- 
tion of  calcareous  and  siliceons  matter.  Many  centuries  would 
probably  be  required  for  the  growth  of  microscopic  organisms  suffi- 
cient in  quantity  to  form  a  bed  of  white  chalk  several  feet,  and 
sometimes  yards,  in  thickness.  We  may  imagine  that  after  a  lapse 
of  many  years  or  centuries,  changes  took  place  in  the  direction  of 
the  marine  currents,  favouring  at  one  time  a  supply  in  the  same 


Hrea  of  eiliceoas,  and  at  anotber  of  calcareous  matter  in  excess, 
giving  rise  in  the  one  case  to  a  preponderance  of  Globigerinaa,  and 
in  the  other  of  Diatomaceie. 

A  more  difficult  enigma  is  presented  by  the  occurrence  of  certain 
huge  flints,  or  potstones,  as  they  are  called  in  Xorfolk,  occurring 
singly,  or  arranged  in  nearly  continuous  columns  at  right  angles  to 
the  ordinary  and  hortsontal  layers  of  small  flints.  I  visited,  in  the 
year  1825,  an  extensive  range  of  quarries  then  open  on  the  River 
Bure,  near  Horetead,  about  six  miles  from  Norwich,  which  aflfbrded 
a  continuous  section,  a  quarter  of  a  mile  in  length,  of  white  chalk, 
exposed  to  the  depth  of  twenty-stx  feet,  and  covered  by  a  thick  bed 
of  graveL    The  potstones,  many  of  tbem  pear-shaped,  were  UBuaUy 

*  OeoLlVaiu.,I1r(tS«rief,vol.  It.  p.  413. 
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aboDt  three  feet  ia  height  and  one  foot  in  their  truisrerse  diuneter, 
plMed  in  vertical  rows,  like  pillars  at  irregular  distances  from  each 
other,  but  asnally  from  20  to  30  feet  apart,  though  sometimes 
nearer  together,  as  in  the  aboTe  sketch.  These  rows  did  not 
terminate  downwards  in  any  instance  which  I  coald  examine,  nor 
npwards,  except  at  the  point  where  they  were  cut  off  abruptly  by 
the  bed  of  gravel.  On  breaking  open  the  potstones,  I  found  an  in- 
temat  cylindricat  nucleus  of^ure  chalk,  much  harder  than  the 
ordinary  surrounding  chalk,  and  not  crnmbling  to  pieces  like  it, 
when  exposed  to  the  winter's  frost.  At  the  distance  of  half  a  mile, 
the  vertical  piles  of  potstones  were  much  farther  apart  from  each 
other.  Dr.  Backland  has  described  very  similar  phenomena  as  ctiarac- 
terising  the  white  clialk  on  the  north  coast  of  Antrim,  in  Ireland.* 

These  pear-shaped  masses  of  flint  often  resemble  in  shape  and  sixe 
the  large  sponges  called  Neptnne's  cups  {S^Mngia  patera,  Hardw.), 
whieh  grow  in  the  seas  of  Sumatra;  and  if  we  could  suppose  a  series 
of  such  gigantic  sponges  to  be  separated  from  each  other,  like  trees 
in  a  forest,  and  the  individuals  of  each  sacceeaive  generation  to  grow 
on  the  exact;  spot  where  the  parent  sponge  died  and  was  enveloped 
in  calcareous  mud,  so  that  they  should  become  piled  one  above  tha 
other  in  a  vertical  column,  their  growth  keeping  pace  with  the  ac- 
cumulation of  the  enveloping,  calcareous  mud,  a  counterpart  of  the 
phenomena  of  the  Horstead  potstones  might  be  obtained. 

Si*gU  pebbU*  in  chalk, — The  general  absence  of  sand  and  pebbles 
iu  the  white  chalk  has  been  already  mentioned ;  but  the  occurrence 
here  and  there,  in  the  sonth-east  of  England,  of  a  few  isolated  peb- 
bles of  quarts  and  green  schist,  some  of  them  2  or  3  inches  in  dia- 
meter, has  justly  excited  much  wonder.  If  these  had  been  carried 
to  the  spots  where  we  now  find  tbem  by  waves  or  currrata  from  the 
lands  once  bordering  the  cretaceous  sea,  how  happened  it  that  no 
sand  or  mad  were  transported  thither  at  the  same  time  ?  We  cannot 
ctmceive  such  rounded  stones  to  have  been  drifted  like  erratic  blocks 
by  ice  (see  Ch^s.  X.  and  XI.),  for  that  would  imply  a  cold  climate  in 
the  Cretaceous  period — a  supposition  inconsistent  with  the  luxuriant 
growth  of  large  chambered  univalves,  numerous  corals,  and  many 
dsh,  and  other  fossils  of  tropical  forms. 

Now  in  Keeling  Island,  one  of  those  detached  masses  of  coral 
which  rise  up  in  the  wide  Pacific,  Captain  Boss  found  a  single 
fh^ment  of  greenstone,  where  every  other  particle  of  matter  was 
calcareous :  and  Hr.  Darwin  concludes  that  it  must  have  come  there 
entangled  in  the  roots  of  a  large  tree.  He  reminds  us  that  Ghamisso, 
the  distinguished  naturalist  who  accompanied  Kotzebue,  afflmu  that 
the  inhabitants  of  the  Radack  archipelago,  a  group  of  lagoon  islands 
in  the  midst  of  the  Pacific,  obtained  stones  for  sharpening  their 
instruments  by  searching  the  roots  of  trees  which  are  cast  up  on  the 
beach.t 
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It  may  perhaps  be  objected,  that  a  Bimilar  raode  of  transport 
caoDot  have  happened  in  the  cretaceous  sea,  because  fossil  wood  is 
very  rare  in  the  chalk.  Nerertheless  wood  is  sometimes  met  with, 
and  in  the  same  parts  of  the  chalk  where  the  pebbles  are  found, both 
in  soft  Stone  and  in  a  silicifled  state  in  flints.  In  these  cases  it  has 
often  every  sppesrance  of  having  been  floated  from  a  distance,  being 
nsuijly  perforated  by  boring-shells,  such  ss  the  Teredo  and  Fittu- 
lana.* 

The  only  other  mode  of  transport  which  suggests  itself  is  sea- 
weed.  Dr.  Beck  informs  me  that  in  the  Lym-Fiord,  in  Jutland,  the 
Fvcus  vetietUoMU,  of^n  called  kelp,  sometimes  grows  to  the  height 
of  10  feet,  and  the  branches  rising  from  a  single  root  form  a  cluBler 
several  feet  in  diameter.  When  the  bladders  are  distended,  the  plant 
becomes  so  buoyant  as  to  float  np  loose  stones  several  inches  in  dia- 
meter,  and  these  are  often  thrown  by  the  waves  high  up  on  the 
beach.  The  Fuctu  giganUiu  of  Solander  {Macrocj/tUt  pyri/era, 
Hooker),  so  common  in  Terra  del  Fuego,  wss  deecribed  by  Captaio 
Cook  as  attaining  the  length  of  S60  feet,  although  the  stem  is  not 
much  thicker  than  a  man's  thumb.  Dr.  Hooker  fbund  the  same  sea- 
weed 700  feet  long.|  It  is  oflen  met  with  floating  at  sea,  with  shells 
attached,  several  hundred  miles  from  the  spots  where  it  grew.  Some 
of  these  plants,  says  Mr.  Darwin,  were  found  adhering  to  large  loose 
stones  in  the  inland  channels  of  Terra  del  Fnego,  during  the  voyage 
of  the  "  Beagle  "  in  1834 ;  and  that  so  firmly,  that  the  stones  were 
drawn  up  fVom  the  bottom  into  the  boat,  idtliough  so  heavy  that 
they  conld  scarcely  be  lifted  in  by  one  person.  Some  fossil  sea- 
weeds  have  been  found  in  the  Cretaceous  fonnation,  but  none^  as 
yet,  of  large  nse. 

But  we  must  not  imi^ine  that  because  pebbles  are  so  rare  in  the 
white  chalk  of  England  and  Ftance  there  are  no  proofs  of  sand, 
shingle,  and  clay  having  been  accumulated  coutemporaneously  even 
in  European  seas.  The  siliceous  sandstone,  called  "upper  (inader" 
by  the  Germans,  overlies  white  argillaceous  chalk  or  "  planer-kalk," 
a  deposit  resembling  in  composition  and  organic  remains  tbe  chalk 
marl  of  tlie  English  series.  This  sandstone  contains  as  many  fossil 
shells  common  to  our  white  chalk  as  could  be  expected  in  a  sea- 
bottom  formed  of  such  different  materials.  It  sometimes  attains  a 
thickness  of  600  feet,  and,  by  its  jointed  structure  and  vertical  preci- 
pices, plays  a  conspicuous  part  in  the  picturesque  scenery  of  Saxon 
Switzerland,  near  Dresden. 


I'OSSILS  OF   THE  UPPES  CSZTaCSODB  B0CK8. 

Among  the  fossils  of  the  white  chalk,  echinoderms  are  very  nu- 
merous ;  and  some  of  the  genera,  like  Attanehylet  (see  fig.  287.), 
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are  exclusively  cretaceous.     Among  the  Criaoidea,  the  MariupUe 
(fig.  294)  is  a  characteristic  geaua.  Among  the  molluscB,the  cepha- 


lopoda, or  chambered  univalves,  of  the  genera  Ammonite,  Scapbite, 
Belemnite  (fig.  290.),  Baculite  (291—293.),  and  Turrilite  (296,  297.), 


with  other  allied  forms,  present  a  great  contrast  to  the  testacea  of 
the  same  class  In  the  Tertiary  and  Recent  periads. 


i.  immt,  iliDwUii  lotam*)  itmclun.    lUntrlclil,  Fiuw,  ud  w] 
Fi(.»]. 


.    UppnGi 


d'Otti.,  Terr.  Crtc 
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aftlMpMtltlaaafilii 


Among  the  brachiopoda  in  the  white  chalk,  the  Terebratula  nra 
^eij  abundant.    These  Bhella  are  known  to  live  at  the  bottom  of  the 


ttl^ccla. 


Tppw  wUta  chalk. 


■WA,  irhere  the  water  is  tranqail  and  of  some  depth  (see  £gs.  268, 
S99,  300,  301,  302.).  With  these  are  associated  some  forms  of  oyater 
(see  flgs.  309,310,311.),  and  other  bivalves  (figs.  303,304,305, 
-806;  307.). 

Among  thebivalve  moUuaca,  no  form  marks  the  Cretaceous  era  in 
Europe,  America,  and  India,  in  a  more  striking  manner  than  tlie 
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Ttn^ttalailfliala. 


extinct  genns  Inoeeramui  (  CatiUua  of  Lam. ;  see  fig.  308.),  the  shells 
of  which  are  distinguished  by  a  fibrous  texture,  aud  are  often  met 
with  in  fragments,  having,  probably,  been  eitremelj  friable. 


Plagleaamta  Btprri.  Sow. 

Ilk.  Uppar  lod  SriL  lima  tkftri. 

,. J.  WUteclwlkiDiUpfw 


Of  the  singular  family  called  Rudittu,  by  Lamarck,  hereafter  to 
be  mentioned  as  extremely  characteristic  of  the  chalk  of  Southern 


Uppw  dull  ud  tJppti 


It.    Srn.  OnnhHfMau. 
ud  tJppu  Or— iimd. 


Europe,  a  nngle  representative  only  (fig.  S12.)  has  been  discoTered 
in  the  white  chalk  of  England, 
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Fit.  110.  FK-lll. 
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XaMiUUftlimanl.WmUU.    Hmufclon.  SuuM.    Wbll»c 
FO  iBdlildiiilt  dBtirind  ot  th*lr  upper  nirct.  aiUiaiai  ut«)>a 


AgUTH,    Tbit  ipfclH 


With  these  molluscs  ore  associated  many  Bryozoa,  such  as  E$- 
ehara  and  Escharina  (figs.  316,  317.),  which  are  alike  marine,  and, 


for  the  moBt  part,  indicstiTe  of  a  deep  sea.  These  and  other  organic 
bodies,  especially  sponges,  snch  as  VtnlricutitM  (fig.  318.),  are  dis- 
persed indifierently  throagh  the  soft  chalk  and  hard  flinty  and  some 
of  the  flinty  nodules  owe  thur  irregulu  forma  to  enclosed  epongea 
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o 


t.  put  of  Iha  uaa  iii*|nll«l.    WUla 


snch  aa  fig.  319.  a.,  where  the  hollows  in  the  exterior  are  caused 
by  the  branches  of  a  sponge,  seen  on  breaking  open  the  flint  (fig. 
319.  b.). 


Fnas  tb>  coIIkUoii  of  Mr.  BgimilMDk. 


The  remains  of  fishes  of  the  Upper  Cretaceous  formations  consist 
chiefl;  of  teeth  of  the  shark  family  of  genera,  in  part  common  to  the 
tertiary,  and  partly  distinct.  To  the  latter  belongs  the  genua 
Ptyekodut  (fig.  321.),  which  is  allied  to  the  living  Port  Jackson 
Shark,  Ceitt-acion  Phiilippi,  the  anterior  teeth  of  which  (see  fig. 
322.  a)  are  sharp  and  cutting,  while  the  posterior  or  palatal  teeth 
(Jb)  are  flat,  and  analogooa  to  the  fossil  (flg.  321.). 
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nt-tn. 


For  Jiekua.    BucUud,  BcMimUv  TnUU*.  PL  IT.  A 

Bat  wa  meet  with  no  bonea  of  land  aaimslB,  nor  tmj  terrestrial 
or  fluviatile  ahells,  nor  an^  plante,  except  sea-weeds,  and  here  and 
there  a  piece  of  drift-wood.  All  the  appearances  concur  in  leading 
Ui  to  conclude  that  the  white  chalk  was  the  product  of  an  open  sea 
of  considerable  depth. 

The  ezisteace  of  turtles  and  oviparons  sauriang,  and  of  a  Ptero- 
dactyl or  winged  lizard,  found  in  the  white  chalk  of  Maidstone,  im- 
plies, no  doubt,  some  neighbouring  land  ;  but  a  few  small  islets  in 
mid-ocean,  like  Ascension,  formerly  so  much  frequented  by  migratory 
droves  of  turtle,  might  perhaps  have  afforded  the  required  retreat 
where  these  creatures  laid  their  eggs  in  the  sand,  or  from  which 
the  flying  species  may  have  been  blown  out  to  sea.  Of  the  vegetation 
of  such  islands  we  have  scarcely  any  indication,  but  it  consisted 
partlyofcycadaceous  plants;  forafragment  of  one  of  these  was  found 
by  Capt.  Ibbetson  in  the  Chalk  Marl  of  the  Isle  of  Wight,  and  i« 
referred  by  A.  Brongniart  to  Clathraria  LyeUii,  Mantell,  a  speciee 
common  to  the  antecedent  Wealden  period. 

The  Pterodactyl  of  the  Kentish  chalk,  above  alluded  to,  was  of 
gigantic  dimensions,  measuring  16  feet  €  inches  from  tip  to  tip  of  its 
outstretched  wings.  Some  of  its  elongated  bones  were  at  first  mis- 
taken by  able  anatomists  for  those  of  birds;  of  which  class  no 
osseous  remains  have  as  yet  been  derived  from  the  white  chalk, 
although  they  have  been  found  (as  will  be  seen  in  the  next  page) 
in  the  Upper  Greensand. 

Upper  Greenland  (A.  4.,  Table,  p.  3 1 2.), — The  lower  chalk  without 
flints  passes  gradually  downwards,  in  the  south  of  England,  into  an 
argillaceous  limestone,  "the  chalk  marl,"  already  alluded  to,  in 
which  ammonites  and  other  cephalopoda,  so  rare  in  the  higher  parts 
of  the  series,  appear.  This  marly  deposit  passes  in  its  turn  into 
beds  called  the  Upper  Greensand,  containing  green  particles  of 
sand  of  a  chloride  mJneraL    la  parti  of  Surrey,  calcareous  matter 
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a  Urgely  iDtennixed,  forming  &  stone  coiled  Jirestone,  In  the  gIiSb 
or  the  eouthem  coast  of  the  lele  of  Wight,  this  upper  greensand  is 
100  feet  thick,  and  contains  bands  of  siliceous  limeBtone  and  calca- 
reoiu  undatone  with  nodules  of  chert. 

llie  Upper  Greensand  is  regarded  hy  Mr.  Anatea  and  Mr.  D. 
Sbarpe  as  a  littoral  deposit  of  the  Chalk  Ocean,  and,  therefore, 
contemponmeoaa  vith  part  of  the  chalk  marl,  and  even,  perhaps, 
rich  Mine  part  of  the  white  chalk.  For  as  the  land  went  on  sinking, 
and  the  cretaceous  sea  widened  its  area,  vhite  mud  and  chloritic 
mod  were  always  forming  somewhere,  but  the  line  of  sea-ahore  was 
perpetually  varying  its  position.  Hence,  though  both  sand  and 
mad  originated  simultaneously,  the  one  near  the  land,  the  other  far 
from  it,  the  sands  iu  every  locality  where  a  shore  became  submerged 
might  constitute  the  underlying  deposit. 

GauU. — The  lowest  member  of  the  Upper  Cretaceous  group, 
asnally  about  100  feet  thick  iu  the  S.£.  of  England,  is  proTincially 
Knaed  Gault.  It  consistsof  a  dark  blue  marl,  sometimes  iatermixed 
with  greensand.     Many  peculiar  forms  of  cephalopoda,  such  as  the 

FhiIIi  dT  U»  Uppsr  Gmuwiid. 


■.  TttArimlra  tfira.      )  Vpv  Gt«MlMiiid, 


JmiflMrTat  ijilmlt""i,  D'Orti.    SjB.  Hamllaftii^tr,  tow.    N«r  FalkaUH.    GwH. 

BamiU  (fig.  325.)  and  ScaphiU,  with  other  fossils,  characterize  this 
formation,  which,  small  as  is  its  thickness,  can  be  traced  hy  its 
cyanic  remains  to  distant  parts  of  Europe,  as,  for  example,  to  the 

7^0  BUtchdoion  beds  iu  Devonshire,  celebrated  for  containing 
many  species  of  fossils  not  found  elsewhere,  have  been  commonly 
referred  to  the  Upper  Greensand,  which  they  resemble  iu  mineral 
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chuacter ;  but  Mr.  Shupe  has  anggeated,  and  apparentljr  with 
reason,  that  tbey  are  rather  the  equivalent  of  the  Gault,  and  were 
probably  formed  oa  the  shore  of  the  aea,  in  the  deeper  parts  of 
which  the  fine  mud  called  Gault  was  deposited.  Several  Blackdown 
Gpecies  are  common  to  the  Lower  Cretaceous  series,  as,  for  example, 
Triffonia  caudata,  fig.  334.  p.  342.  We  learn  from  M.  d'Archiac, 
that  in  France,  at  Mons,  in  the  valley  of  the  Loire,  strata  of  green- 
sand  occur  of  the  same  age  as  the  Blackdown  beds,  and  containing 
man;  of  the  same  fossils.  They  are  also  regarded  as  of  littoral 
origin  by  M.  d'Archiac.* 

The  phosphate  of  lime,  found  near  Famham,  in  Surrey,  and  near 
Cambridge,  in  such  abundance  as  to  be  used  largely  by  the  agri- 
culturist for  fertilizing  soils,  occurs  in  the  Upper  Greensand.  It  is 
doubtless  of  animal  origin,  and  partly  coprolitic,  derived  from  the 
excrement  of  fish  and  reptiles.  In  this  formation  near  Cambridge 
the  late  M.  Louis  Barrett  discovered,  in  1858,  the  remains  of  a  bird, 
which  was  rather  larger  than  the  common  pigeon,  and  probably  of 
the  Order  Natatores,  and  which,  like  most  of  the  Gull  tribe,  had 
well-developed  wings.  Portions  of  the  metacarpus,  metatarsus, 
tibia,  and  femur  hare  been  detected,  and  the  determinations  of  Mr. 
Barrett  have  been  confirmed  by  Professor  Owen. 


IXORA  OF   THE  UPPEB  CBETACEOTIS   PERIOD. 

As  tlie  upper  cretaceous  rocks  of  Europe  are,  for  the  most  part, 
of  purely  marine  origin,  and  formed  in  deep  water  far  from  the 
nearest  shore,  land-planta  of  this  period,  as  we  might  naturally  have 
anticipated,  are  very  rarely  met  with.  In  the  neighbourhood  of  Aix- 
la.>ChapelIe,  however,  an  important  exception  occurs,  for  there 
certain  white  sands,  400  feet  in  thickness,  contain  the  remains  of 
terrestrial  plants  in  a  beautiful  state  of  preservation.  These  have 
been  diligently  collected  and  studied  by  Dr.  Debey,  and  as  they 
afford  the  only  example  yet  known  of  a  terrestrial  flora  older  than 
the  Eocene,  in  which  the  great  divisions  of  the  vegetable  kingdom 
are  represented  in  nearly  the  same  proportions  as  in  our  own  times, 
they  deserve  particular  attention.  Dr.  Debey  estimates  the  number 
of  species  as  amounting  to  more  than  two  hundred,  of  which  six^- 
seven  are  cryptogamous,  chiefly  ferns,  twenty  species  of  which  caD 
be  well  determined,  most  of  them  being  in  fructification.  The 
cicatrices  on  the  bark  of  one  or  two  are  supposed  to  indicate  tree- 
ferns.  Of  thirteen  genera  three  are  still  existing,  namely,  Gleiehe- 
nia,  now  inhabiting  the  Cape  of  Good  Hope  and  New  Holland  ; 
Imodium,  now  living  in  Japan,  Java,  and  North  America ;  and 
Atpleniam,  a  cosmopolite  form.  Among  the  phssnogamous  plants 
the  Cooifera  are  abundant,  the  most  common  belonging  to  a  genus 
called  Cycadopteris  by  Debey,  and  hardly  separable  from  Sequoia 

*  Hilt,  des  ProgT^i  de  la  0^1,  &c.,  toI.  iv.  p.  360.    1851. 
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(or  Weill  ngtonia),  of  which  both  the  cones  and  branches  are  pre- 
served. When  I  visited  Aiz,  I  fbnnd  the  siUcifled  wood  of  this 
plant  very  plentifully  dispersed  through  the  white  sands  in  the  pits 
near  that  city.  In  one  silicified  tmnk  200  rings  of  annual  growth 
had  been  counted.  Species  of  Araucaria  like  those  of  Australia  are 
also  foand.  Cycada  are  extremely  rare,  and  of  Monocotyledons  there 
are  bat  few.  No  palms  have  been  recognised  with  certainty,  but 
the  genns  Pandanas,  or  screw  pine,  hag  been  distinctly  made  out. 
The  number  of  the  Dicotyledonons  Angiosperms  ia  the  most  striking 
feature  in  so  ancient  a  flora.* 

Among  them  we  find  the  familiar  forma  of  the  Oak,  Fig,  and 
Walont,  QiMFcu*,  Ficut,  and  Juglans,  of  the  latter  both  the  nnts 
and  leaves  ;  also  several  genera  of  the  Myrtoces.  Bat  the  pre- 
dominant order  ia  the  Proteacen,  of  which  there  are  between  aizty 
and  seventy  apecies,  many  of  extinct  genera,  bat  some  referred  to 
the  following  living  forms — Dryandra,  Grevillea,  Hakea,  Banksia, 
Persoonia — all  now  belonging  to  Australia,  and  LeucoBpermnm, 
species  of  which  form  small  bashes  at  the  Cape. 

The  epidermis  of  the  leaves  of  many  of  these  Aix  plants,  espe- 
cially of  the  Proteaceee,  is  so  perfectly  preserved  in  an  envelope 
of  fine  clay  that  ander  the  microscope  the  stomata,  or  polygonal 
cellules,  caa  be  detected,  and  their  peculiar  arrangement  is  identical 
with  that  known  to  characterize  some  living  Proteaces  (Grevillea, 
for  example).  An  occasional  admixture  of  Fncoids  and  Zosterites 
attests,  like  the  abetls,  the  presence  of  saltwater. 

Of  insects.  Dr.  Debey  has  obtained  about  tea  apecies  of  the 
fiunilies  Curculionids  and  Carabids. 

The  age  of  the  beds  containing  thia  remarkable  assemblage  of 
pl&nta  was  for  a  long  time  matter  of  dispute.  They  were  at  first 
erroneously  referred  to  the  Middle  Tertiary,  and  atierwarda  to  the 
Lower  Cretaceoua  series,  but  they  are  in  troth  the  equivalents  of  the 
white  chalk  and  Chalk  Marl,  or  S^nonien  of  D'Orbigny.     Such  was 

*  In  thlt  and  «nb*eqaent  remuki  on  foMil  pluiU  I  ihall  often  tue  Dr.  Lindley'i 
icnni,  as  moit  Tamiliar  in  tbii  eouatij  ;  bat  u  choM  of  U.  A.  Brongniart  an 
Msch  ciied,  it  may  ba  unfnl  to  KeologiiU  lo  give  a  table  explaining  lb*  corr*- 
■poading  namei  at  gronp*  to  mnch  ipoken  of  in  palMH)tol<^. 

BroniBlnt.  Llndltj. 

-       -     ~  i.i 

r  [      Tlallogeiu.         Lictau,  •ea-w««d\  ftingL 

t-         AcTDgeni. 
'  S.  Dlcotylcdonooi  gym-         Ojnmogeni.        Conifen  and  Qjrcadt. 


4.  Dicot.  Aagiospemu.         Ezogsoi.  Compuita,   legnmiaosn,  nm- 

bdiifeng,  cntdhrn,  heailu. 
Ice.  All  natiTB  Enroptan 
trees  except  conifers. 

5.  ICimocotylecUnw.  Eodognw.  Falmt,    liliei,    sloes,    nufae^ 
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Ferdinand  Romer's  opinion  in  1853*,  and  after  exuniaiag  th«  coon- 
tij  in  1857, 1  BBtisfled  mjHlf  that  he  was  right,  although  the  white 
siliceous  sands  of  the  lower  beds,  and  the  green  graine  in  the  npper 
part  of  the  formation,  cause  it  to  differ  in  mineral  character  from 
our  white  chalk. 

In  travelling  from  Maestricht  to  Aix-la-Chapelle,  we  first  paai 
from  the  Maestricht  beds  to  white  chalk,  with  flints,  about  300  feet 
-  thick,  next  to  which,  in  descending  order,  we  find  ohalk  without 
flints,  and  Chalk  Marl ;  and  below  this  again,  greensand,  which 
contains  BelemniteUa  micronata  (fig.  290.  p.  323.),  and  oliier 
fossils,  showing  that  it  is  not  the  equivalent  of  the  English  Upper 
Greensand.  Below  this  are  the  white  and  yellow  sands  of  ^x, 
about  400  feet  thick,  which  rest  immediatelj  on  ancient  Devonian 
rocks,  highly  inclined.  Some  of  the  sand  in  the  lower  beds  has 
concreted  into  solid  masses  of  sandstone,  like  the  German  Quader 
Sands  tein, 

Beds  of  fine  clay,  with  fossil  plants,  and  with  seams  of  lignite 
and  even  perfect  coal  are  intercalated.  Floating  wood,  containing 
perforating  shells,  such  as  Pholas,  and  Gastrochtnna  also  oconr. 
There  are  likewise  a  few  beds  of  a  yellowish  brown  limestone,  with 
marine  shells,  which  enable  us  to  identify  the  lowest  with  the 
highest  plant-beds.  Among  these  shells  are  Pteten  quadricottiUtu, 
and  several  others  which  are  common  to  the  upper  and  lower  part  of 
the  series,  and  a  Trigonia,  called  by  some  of  the  Aix  naturaliets 
T.  atacformu,  which,  as  M.  Bosquet  pointed  out  to  me,  agrees  far 
better  in  character  with  D'Orbigny's  T.  limbata,  a  shell  of  the 
white  chalk.  On  the  whole  the  organic  remains  and  the  geological 
position  of  the  strata  prove  distinctly  that  in  the  neighbourhood  of 
Aix-la-Chapelle,  a  gulf  of  the  ancient  cretaceons  sea  was  bounded 
by  land  composed  of  Devonian  rocks.  These  rocks  consisted  of 
qnartsose  and  schistose  beds,  the  first  of  which  supplied  white  sand 
and  the  other  argillaceous  mud  to  a  river  which  entered  the  sea  at 
this  point,  carrying  down  in  its  turbid  waters  much  drift-wood  and 
the  leaves  of  plants.  Occasionally,  when  the  force  of  the  river 
abated,  marine  shells  of  the  genera  Tri^onia,  Turritella,  Peettn, 
&c.,  established  themselves  in  the  same  area,  and  plants  allied  to 
Zattera  and  Fucut  grew  on  the  bottom. 

Before  the  cretaceous  flora  of  Aix-la-Cbapelle  was  known,  a  few 
leaves  of  a  dicotyledonous  and  angiospennous  genus,  called  "  Cred- 
neria,"  were  known  in  the  "  Quader  Sandstein  "  and  "  Planer  Ealk," 
ot  Germany,  rocks  corresponding  in  age  to  the  white  chalk  and 
ganit  of  England.  But  such  fossil  planu  wen  the  only  representa- 
tives in  rocke  older  than  the  Eocene  period  of  those  Ex<^ens 
which  now  constitate  three-fourths  of  the  living  vegetation  of  the 
globe. 

M.  Adolphe  Brongntart,  when  dividing  the  whole  fossiliferons 
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■eriefl  ioto  three  groapi  in  reference  solely  to  fosBil  plants,  bu  named 
the  primary  strata  "  the  age  of  acrogens ;"  the  secondary,  exclnsiTe 
of  the  cretaceoDB,  "  the  age  of  gymnoaperms  ;"  and  the  third,  com- 
prieiDg  the  cretaceona  and  tertiary,  "the  age  of  angiospermB." 
He  conaiderB  the  cretaceoas  flora  as  displaying  a  traositional  charac- 
ter from  that  of  a  secondary  to  that  of  a  tertiary  vegetation,  Coni- 
ftrx  and  Cycadea  (or  Gymnogena)  still  flourished,  aa  in  the  pre- 
ceding oolitic  and  triasaic  epochs  ;  while,  together  with  these,  some 
well-marked  leaves  of  dicotyledonoas  angiosperms  appeared.  But 
now  that  the  fossil  plants  of  Aix-la-Chapelle  are  with  certainty  re- 
ferred to  an  Upper  Cretaceous  era,  the  line  dividing  the  ages  of 
gymnosperms  and  of  angiosperms  seems  to  run  between  the  Lower 
and  Upper  Cretaceous  formations,  or  between  the  Lower  Greensand 
and  the  sands  of  Aix. 

The  resemblance  of  the  flora  of  Aix-la-Chapelle  to  the  tertiary 
and  living  floras  in  the  proportional  nnmber  of  dicotyledonous  an- 
giosperms as  compared  to  the  gymnt^ens,  is  a  subject  of  no  small 
theoretical  interest,  because  we  can  now  affirm  that  these  Aix 
plants  flourished  before  the  rich  reptilian  fauna  of  the  secondary 
roc^  had  ceased  to  exist.  The  Ichthyosaurus,  Pterodactyl  and 
Moaasanrus  were  of  coeval  date  with  the  oak,  the  walnut,  and  the 
fig.  Speculations  have  often  been  haiarded  respecting  a  connection 
between  the  rarity  of  Exogens  iu  the  older  rocks  and  a  peculiar 
state  of  the  atmosphere.  A  denser  (ur,  it  was  suggested,  had  in 
earlier  times  been  alike  adverse  to  the  wellbeing  of  the  higher 
order  of  flowering  plants,  and  of  the  quick -breathing  animals,  such 
as  mammalia  and  birds,  while  it  was  favourable  to  a  cryptogaroic 
and  gymnospermous  flora,  and  to  a  predominance  of  reptile  life. 
But  we  now  learn  that  there  is  no  incompatibility  in  the  co-exist- 
ence of  a  vegetation  like  that  of  the  present  globe,  and  some  of  the 
most  remarkable  forms  of  the  extinct  reptiles  of  the  age  of  gymno- 
sperms. 

If  the  passage  seem  at  present  to  be  somewhat  sudden  from  the 
flora  of  the  Lower  to  that  of  the  Upper  Cretaceous  period,  the 
abmptnees  of  the  change  will  probably  disappear  when  we  are 
better  acquainted  with  the  fossil  vegetation  of  the  Jjawet  Green- 
sand,  and  with  that  of  the  Ganlt  and  Upper  Greensand, 

BIPPTBITB  LTHBaTOm. 

Differttux  betueen  tk»  ckalk  t^the  North  and  South  t^fEurt^.-^ 
By  the  aid  of  the  three  tests  of  relative  age,  namely,  superposition, 
mineral  character,  and  fbssils,  the  geologist  has  been  enabled  to  refer 
to  the  same  Cretaceous  period  certain  rocks  in  the  north  and  south 
of  Europe,  which  differ  greatly  both  in  their  fossil  contents  and  in 
their  mineral  composition  and  structure. 

If  we  attempt  to  trace  the  cretaceous  deposits  fVom  England  and 
France  to  the  countries  bordering  the  Mediterranean,  we  perceive, 
in  the  first  place,  that  the  chalk  and  greensand  in  the  neighbourhood 
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of  LondoD  and  FariE  form  one  great  coctinaous  mass,  the  Struts  of 
Dover  being  a  trifling  interruption,  a  mere  vfilley  with  chalk  cUfla 
on  both  Bidea.  We  then  observe  that  the  main  body  of  the  chalk 
-which  surrounds  Paris  stretches  from  Tours  to  near  Poitien  (seethe 
annexed  map,  fig.  326.,  in  which  the 
^*-  ^'^  ,  shaded  part  represente  chalk). 

Between  Poitiei's  and  La  Bochelle, 
the  space  marked  A  on  the  map  sepa- 
rates two  regions  of  chalk.     This  space 
is  occupied  hy  the  Oolite  and  certua 
other  formations  older  than  the  Chilk, 
and   has   been  supposed  by  M.  E.  <le 
Beaumont  to  have  formed  an  island  in 
the  cretaceous  sea.    South  of  this  space 
we  again  meet  with  a  formation  which 
we  at  ODce  recognize   by   its  mineral 
character  to  be  chalk,  altboagh  there 
are  some  places  where  the  rock  becomes 
'    oolitic.    The  fossils  are,  upon  the  whole, 
.    very  similar  ;  especially  certain  species 
of  the  genera  Spatartgut,  AnanckyUi, 
Cidarites,    Nttcula,     Oslrea,    Gn/phaa 
(Exogyra),Pecten,  P lag wtoma (Lima), 
Trigonia,    Catiliu*   {Inoceramtu),  toA 
Terebratula.'     But  AmmonUes,  as  H. 
d'Archiac  observes,  of  which  so  many  species  are  met  with  in  the 
chalk  of  the  north  of  France,  are  scarcely  ever  found  in  the  southera 
r^ion  ;  while  the  genera  Hamite,  TurrilUe,  and  ScaphiU,  and  per- 
haps SeUmnile,  are  entirely  wanting. 

Od  the  other  hand,  certain  forms  are  common  in  the  sontb  which 
are  rarely  or  wholly  unknown  in  the  north  of  France.  Among  theie 
may  be  mentioned  many  Hippuritet,  Sphterulitet,  and  other  mem- 
bers of  that  great  family  of  moUusca  called  Sudutei  by  Lamarck,  to 
which  nothing  analogous  has  been  discovered  in  the  living  croKioni 
hut  which  is  qnite  diaracteristic  of  rocks  of  the  Cretaceous  era  in 
the  south  of  France,  Spain,  Sicily,  Greece,  and  other  countries 
borderlDg  the  Mediterranean. 

The  species  called  Sippurttet  organuant  (fig.  329.)  is  more  abun- 
dant than  any  other  in  the  south  of  Europe  ;  and  the  geologist 
should  make  himself  well  acquainted  with  the  cast  d,  which  is  f^ 
more  common  in  many  compact  marbles  of  the  Upper  Cretaceoni 
period  than  the  shell  itself,  this  having  often  wholly  disappeared. 
The  flutings,  or  smooth,  rounded,  longitudinal  ribs,  representinf;  the 
form  of  the  interior,  are  wholly  unlike  the  Hippurite  itself,  aod  in 
some  individuals  attain  a  great  size  and  length. 

Between  the  region  of  chalk  last  mentioned,  in  which  Ferigueiii 
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iisitnated,  and  the  Pjrreaees,  the  apiice  6  intervenes.  (See  Map, 
fig.  326.)-  Here  the  tertiary  strata  cover,  and  for  the  most  part  con- 
ceal, the  cretaceous  rocks,  except  in  aome  spots  where  they  have 
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heen  laid  open  by  the  denndation  of  the  newer  formations.  In  these 
pboea  they  are  seen  still  preserving  the  form  of  a  white  chalky  rock, 
which  is  charged  in  part  with  grains  of  greensaad.  Even  as  far 
math  as  Tercis,  on  the  Adour,  near  Dax,  cretaceous  rocks  retain 
tbia  character.  I  examined  them  in  1828,  and  M.  Grateloup  found 
id  them  AttanekyU$  ocata  (fig.  287.  p.  323.),  and  other  foeails  of  the 
English  chalk,  together  with  HippuriUi, 


■  D'OrbigDy's  Faltonlologia  FraUfuM,  PL  S3S. 
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CRETACEOUS  BOCKS  DT  TBI  DKtTED  STATES. 

If  we  pus  to  the  American  continent,  we  And  in  the  Stftte  of  New 
Jersey  &  serieH  of  eand;  and  argillaceous  beds  wholly  aniike  oar 
tipper  CretaceonB  system  ;  which  we  can,  nevertheless,  recognize  as 
referable,  paheontologically,  to  the  same  division. 

That  they  were  abont  the  ume  age  generally  as  the  European 
chalk  and  greensand,  was  the  conclasion  to  which  Dr.  Morton  and 
Mr.  Conrad  came  after  their  investigation  of  the  fossils  in  1834. 
The  strata  consist  chiefly  of  greensand  and  green  marl,  with  an  over- 
lying coralline  limestone  of  a  pale  yellow  colonr,  and  the  fossil^  on 
the  whole,  agree  most  nearly  with  those  of  the  npper  European 
series,  from  the  Haestricht  beds  to  the  ganlc  inclusive.  I  collected 
sixty  shells  from  the  New  Jersey  deposits  in  1641,  five  of  which 
were  identical  with  European  species — Ottrta  larva,  O.  vesicularU, 
Gryphaa  eoilata,  Pteten  quingue-cotlatiu,  BelemniUi  mitcronatet. 
As  some  of  these  have  the  greatest  vertical  range  in  Europe,  they 
might  be  expected  more  than  any  others  to  recnr  in  distant  parts  of 
the  globe.  Even  where  the  species  were  difierent,  the  generic  fi^rms, 
such  as  the  Bacnlite  and  certain  sections  of  Ammonites,  as  also  the 
Inoeeramut  (see  above,  fig.  308.  p.  325.)  and  other  bivalves,  have  a 
decidedly  cretaceous  aspect.  Fifteen  out  of  the  sixty  shells  above  al- 
luded to  were  regarded  by  Professor  Forbes  as  good  geographical  re- 
presentatives of  well-known  cretaceous  fossils  of  Europe.  The  cor- 
respondence, therefore,  is  not  small,  when  we  reflect  that  the  part  of 
the  United  States  wbere  these  strata  occur  is  between  3000  and  4000 
mileedistant  from  tho  chalk  of  Central  and  Northern  Europe,  and 
that  there  is  a  diff'erence  of  ten  degrees  in  the  latitude  of  the  places 
compared  on  opposite  sides  of  the  Atlantic* 

Fish  of  the  genera  Lamna,  Galeta,  and  Careharodon  are  common 
to  New  Jersey  and  the  Earopean  cretaceous  rocks.  So  also  is  the 
genus  Mota*auTu$  among  reptiles.  The  vertebra  of  a  Flesiosauras, 
a  reptile  known  in  the  English  chalk,  had  often  been  cited  on  the 
Authority  of  Dr.  Harlan  as  occurring  in  the  cretaceous  marl,  at 
MullicB  Hill,  in  New  Jersey.  But  Dr.  Leidy  has  since  shown  that 
the  bone  in  question  is  not  sanrian  but  cetaceous,  and  whether  it  can 
truly  lay  claim  to  the  high  antiquity  assigned  to  it,  is  a  point  still 
open  to  discussion.  The  discovery  of  another  mammal  of  the  seal 
tribe  {Stenorhynehtu  velu*,  Leidy),  from  a  lower  bed  in  the  creta- 
ceous series  in  New  Jersey,  appears  to  rest  on  better  evideoce.f 

*  Saeapsper  by  lh«  Aathor,  Qoart.  dclphia  on  which  thU  new  geoni  was 

Joum.  Geol.  Soc.,  vol.  i.  p.  T9.  fcniDdcd,  and  alicnrardi,  with  ths  aid  of 

t  In  cha  PrinciplBr  of  Gkolog^,  Dtnth  Mr.  Cunrad,  lmc«d  one  of  them  to  a 

ed.  p.  MS.,  I  cited  Dr.  Leidv-  of  Phi-  MiocoM  mari  pit  in  CnmberUnd  ConDtj, 

Udelphia   ai    hSTing    described   (Pro-  Mewjersej'.  The  otber(theFlMi<iMunii 

ceedings  of  Acad.   Kat.   Sci.   Philad.,  o' Harlan),  labelled  "MuUicn  HiU  "  in 

18SI}  iwo  ipeciea  of  cetace*  of  a  new  theUiueum.wonld  noduabtbe  an  npper 

genus  which  he  called  Priieoddphaia,  crelaceoni  foaall,  if  reallj  deriTed  from 

Irotn  ihffgreenund  of  New  Jene;.    In  that  localilj,  bat  in  mineral  condiuon 

1B93, 1  Mw  iIm  two  vertcbne  al  Phila-  makea  tbe  point  rather  donbtlnL    Hie 
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From  New  Jersey  the  cretaceons  rocka  extend  aonthwKrds  to 
North  Carolina  and  Georgia,  cropping  out  at  intervala  fW>in  beneath 
the  tertiary  strata,  between  the  Appalachian  Mountains  and  tlte 
Atlantic.  They  then  sweep  round  the  southern  extremity  of  that 
chain,  in  Alabama  and  MiBsiesippi,  and  stretch  northwards  again  to  . 
Tenneasee  and  Kentucky.  They  hare  also  been  tvaced  far  up  the 
valley  of  the  Missouri,  as  far  north  as  lat.  48°,  or  to  Fort  Mandan  ; 
BO  that  already  the  area  which  they  are  ascertained  to  occupy  in 
North  America  may  perhaps  eqnal  their  extent  in  Europe,  and 
exceeds  that  of  any  other  fossiliferous  formation  in  the  United 
States.  So  little  io  they  resemble  mineralogically  the  European 
white  chalk,  that  in  North  America,  limestone  is  apon  the  whole  an 
exception  to  the  rule  ;  and,  even  in  Alabama,  where  I  saw  a  calca- 
reouB  member  of  this  group,  composed  of  marl-stone,  it  was  more 
like  the  English  and  French  Lias  than  any  other  European  secondary 
deposit. 

At  the  base  of  the  system  in  Alabama,  I  found  dense  masses  of 
shingle,  perfectly  loose  and  nnconsolidated,  derived  from  the  waste  of 
palsaozoic  (or  carboniferous)  rocks,  a  mass  in  no  way  distingutahable, 
except  by  its  position,  from  ordinary  alluvium,  but  covered  with 
marts  abounding  in  Inocerami. 

In  Texas,  according  to  F.  Romer,  the  chalk  assumes  a  new  litho- 
logical  type,  a  large  portion  of  it  consisting  of  bard  siliceous  lime- 
stone, but  the  organic  remaion  leave  no  doubt  in  regard  to  its  age, 
the  Baculitet  ancept  and  10  other  European  species  occurring  there. 
Fossil  plants  from  New  Jersey,  and  others,  obtained  from  the  creta- 
ceous rocks  by  Messrs.  Meek  and  Hayden  in  Nebraska,  include, 
according  to  Dr.  Newberry,  many  genera  of  dicotyledonous  angio- 
sperms  in  the  same  way  as  does  the  flora  of  Aix-la-Cbapelle,  above 
described,  p.  333. 

In  South  America  tho  cretaceous  strata  have  been  discovered  in 
Columbia,  as  at  Bogota  and  elsewhere,  containing  Ammonitos,  Ha- 
mites,  Inocerami,  and  other  characteristic  shells.* 

In  the  south  of  India,  also,  at  PondJcberry,  Terdachellum,  and 
Trinconopoly,  Messrs.  Kaye  and  Egerton  have  coUected  fossils  be- 
longing to  the  cretaceous  system.  Taken  in  connection  with  those 
from  the  United  States,  they  prove,  says  Prof.  E.  Forbes,  that  those 
powerful  causes  which  stamped  a  peculiar  character  on  the  forms  of 
marine  animal  life  at  this  period,  excrtod  their  full  intensity  through 
the  Indian,  European,  and  American  seaa.|     Here,  as  in  North  and 

toMb  of  S^ncr^/nehn  Mbu  fiipirad  by  plaemla,  AmmmiUt  Delavamuu,  TV*. 

Leidj  frum  a     dmring   of   Conrad's  gmia   tWonro,   &c.      The    tooth  has 

<F«tiee«d.  of  Acad.    IfaL  Sci.  Phllad,,  been  mislud,  but  not  nndl  it  hod  azcfted 

1853.  p.  3TT.),  wM  fbttnd  b;  Samnel  R.  much  interesl  and  bad  been  caraTaUjr 

Wctberill,  £"0,,  in  the  graenrand  1}  mils  examined  bj  good  (aologiM. 

■ooth-eut  of  BurlinBtDQ.     Thii  gentle-  *  Proceedingiof  thsOeci  8o(\,Tol.iv. 

Hum  related  to  ma  and  Mr.  Conrad,  in  p.  991. 

1899,  the  eircnmatance*  nnder  which  he  f  See  Forbei,Quan.GteolJoiuu.,  toI 

met  with  it,  auoclaied  with  Ammmilet  i.  p.  79. 
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Soath  AmericB,  the  cretBceoua  character  can  be  recognised  eTen 
where  there  ia  no  apeciflc  identitj  in  the  fossils  ;  and  the  buds  maj 
be  aaid  of  the  organic  typa  of  those  rocks  in  Europe  and  India  which 
occur  next  to  the  chkUc  in  the  ascending  and  descending  order, 
namely,  the  Eocene  and  the  Oolitic 
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CHAPTER  XVm, 

LOWSB   CBCTACEOUS  AKS  'WZALDEIT  F0B1U.TI0R8. 

Lower  Oraeiiund — Tomi  "  Sftoeotaifto  "—Atherfield  lection,  Iile  of  Wight — 
rnwili  of  Lower  QrMDMiid—Palmoniological  reluioni  of  the  Upper  ud  Lower 
CrrtaMODi  itr&u — Wealden  FormMioD — Freahwatei  BtnM  intercalated  between 
two  marine  gronpi— Weald  CIB7  and  Haatings  Sand— Tanbridge  rocki — Fo«U 
dulU,  fl*h,  and  planii  of  Wealden — Their  relation  to  the  Cretaceon*  tjpt--~ 
Geographical  extent  of  Wealden — Mavementi  in  the  eartb'i  cnut  to  which  tbe 
Wealdan  owed  it*  origin  and  mbmergence. 

The  term  "Lower  Greenaand"  hu  hitherto  been  moat  commonlj 
applied  to  mch  portions  of  the  Cretaceous  series  as  are  older  thm 
the  Gault.  Bat  the  name  has  ohen  been  complained  of  as  incon- 
Tenient,  and  not  without  reason,  since  green  particles  are  wanting 
in  a  large  part  of  the  strata  so  deaignatod,  even  in  England,  and 
wholly  BO  in  some  European  countriea.  Moreover,  a  subdivision  of 
the  Upper  CretaceouH  group  has  likewise  been  called  Greensand,  and 
to  prevent  confusion  the  terms  Upper  and  Lower  Greensand  were 
iotrodnced.  Such  a  nomenclature  naturally  leads  the  uninitiated 
to  suppose  that  the  two  formations  so  named  are  of  somewhat  co-or- 
dinate value,  which  is  bo  far  from  being  true,  that  the  Lower  Green- 
sand,  in  its  widest  acceptation,  embraces  a  series  nearly  as  important 
as  the  whole  Upper  Cretaceous  group,  from  the  Gault  to  the  Maes- 
tricht  beds  ioclasive  ;  while  the  Upper  Greensand  is  but  one  subor- 
dinate member  of  this  same  group.  Many  eminent  geologists  have^ 
therefore,  proposed  the  term  "  Neocomian  "  as  a  substitute  for  Lower 
Greensand  i  befnuse,  near  Neufchatel  (Neocomum),  in  Switierland, 
theae  Lower  Greensand  strata  are  well  developed,  entering  largely 
into  the  structure  of  the  Jura  moantains.  By  the  same  geologiats 
the  Wealden  beds  are  uaually  classed  as  "  Lower  Neocomian,"  a 
classification  which  will  not  appear  inappropriate  when  we  have 
explained,  in  the  sequel,  the  intimate  relation  of  the  Lower  Greensand 
and  Wealden  fosaila. 

Dr.  Fitton,  to  whom  we  are  indebted  for  an  excellent  monograph 
on  the  Lower  Cretaceona  (or  Greensand)  formation  as  developed  in 
England,  gives  the  following  as  the  succession  of  rocks  seen  in  parts 
of^nt. 

K&  1.  Sand,  white,  fellowiih,  or  femginona,  with 
of  limeatfHie  and  chert 
S.  Sand  with  green  matter   -  -  . 

3.  Calcaivona  atone,  called  Eentiih  rag 
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In  his  detailed  description  of  the  fine  section  diapUyed  at  Ather- 
fleld,  in  the  south  of  the  Isle  of  Wight,  we  find  the  limestone  wholly 
wanting ;  in  fact,  the  Tariationa  in  the  mineral  eompoiition  of  this 
group,  eren  in  contiguous  districts,  is  very  great ;  and  on  comparing 
tiie  Atherfield  beds  with  corresponding  strata  at  Hythe  in  Kent, 
distant  95  miles,  the  whole  series  presents  a  most  dissimilar  up«ct* 

On  the  other  hand,  Professor  £.  Forbes  has  shows  that  when  the 
aizty-three  strata  at  Atberfield  are  aeveraUj  examined,  the  total 
thickness  of  which  he  gives  as  843  feet,  there  are  some  fossils  which 
range  through  the  whole  series,  others  which  are  peculiar  to  parti- 
cnUr  divisions.  As  a  proof  that  all  belong  chronologically  to  one 
system,  he  states  that  whenever  aimilar  conditions  are  repeated  in 
overlying  strata  the  same  species  reappear.  Changes  of  depth,  or 
of  the  mineral  nature  of  the  sea-bottom,  the  presence  or  absence  of 
lime  or  of  peroxide  of  iron,  the  occurrence  of  a  mnddy,  or  a  sandy, 
or  a  gravelly  bottom,  are  mailed  by  the  banishment  of  certain  species 
and  the  predominance  of  others.  But  these  difierences  of  coaditions 
being  mineral,  chemical,  and  local  in  their  nature,  have  nothing  to 
do  with  the  extinction,  throughout  a  large  area,  of  certain  animals 
or  plants.  The  rule  laid  down  by  this  eminent  natnralist  for  ena- 
bling us  to  test  the  arrival  of  a  new  state  of  things  in  the  animate 
world,  is  iiie  representation  by  new  and  different  speciee  of  corre- 
sponding genera  of  moUusca  or  other  beings.  When  the  form  proper 
to  loose  sand  or  soft  clay,  or  to  a  stony  or  calcareous  bottom,  or  to  s 
moderate  or  great  depth  of  water,  recnr  with  all  the  same  species, 
the  interval  of  time  has  been,  geologically  speaking,  small,  however 
dense  the  moss  of  matter  accumulated.  But  if,  the  genera  remaining 
the  same,  the  species  are  changed,  we  have  entered  apon  a  new 
period  ;  and  no  similarity  of  climate,  or  of  geographical  and  local 
conditions,  can  then  recall  the  old  apecies  which  a  long  series  of 
destructive  causes  in  the  animate  and  inanimate  world  has  gradnallj 
annihilated.  On  passing  from  the  Loww  Greensand  to  the  Gault, 
we  suddenly  reach  one  of  these  new  epochs,  scarcely  any  of  the 
fossil  species  being  common  to  the  lower  and  upper  cretaceous  sys- 
tems, a  break  in  the  chain  implying  no  doubt  many  naissing  links 
in  the  series  of  geological  monuments,  which  we  nuy  wme  day  be 
able  to  supply. 

One  of  the  largest  and  most  abundant  ahdls  in  the  lowest  strata 
of  the  Lower  Greensand,  aa  displayed  in  the  Atherfirid  section,  is 
the  large  Pema  MuUeti,  of  which  a  reduced  figure  in  bere  given 
(fig.  330.). 

In  the  south  of  England,  during  the  accumulation  of  the  Lower 
Greensand  above  described,  the  bed  of  the  sea  appears  to  have  been 
continually  sinking,  from  the  commencement  of  the  period  when  the 
freshwater  Wealden  beds  were  submerged,  to  the  deposition  of  those 
strata  on  which  the  ganlt  immediately  reposes. 

*  Dr.  f^tton,  Qnsrt.  6«ol.  Jour.,  able  table  ihoiring  the  Ttrtie*!  tang«  of 
voL  i.  p.  ITS',  ii.  p.  S5.,  sad  iiL  p.  BHS.,  the  varioat  fbMili  of  the  Lower  Orcea- 
*bwe  companuiT*  lectiont  and  a  vala-     Mud  it  AtherflbM  are  gfveo. 
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Pebbles  ofquftrtzose  eandstone,  juper,  &nd  flint;  slate,  togetber 
with  gntiofl  of  chlorite  and  mica,  ■peak  plainly  of  tbo  nature  of  the 


pre-eziflting  toc&s,  from  the  wearing  down  of  which  the  Greensand 
beds  were  derived.  The  land,  consieting  of  such  rocks,  waadoubt- 
len  snbmerged  before  the  origin  of  the  white  chalk,  a  deposit  which 
originated  in  a  more  open  eea,  and  in  clearer  waters. 

The  fossils  of  the  Lower  Cretaceoas  are  for  the  most  part  speci- 
fieall]r  distinct  from  those  of  the  Upper  Cretaceous  strata. 

Among  the  former  we  often  meet  with  the  genus  SeaphUet  or 

Fi(.  m.  T\t.  m. 


AnejfloeeroB  (Ag.  3S1.),  which  has  been  aptly  described  as  an  anuno- 
oile  more  or  le«s  uncoiled  ;  also  a  furrowed  IfavtUtu,  N.  plieatut 
(fig.  882.),  Trigoiua  eavdata  (fig.  334.),  likewise  found  in  the  Black- 
down  beda  (see  above,  p.  329-),  and  Gtrviilia, »  bivalre  genua  allied  to 
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Avieula;  tieo  thBTem&Aahle  ehell  Dicereu  Lotudalii,  emineotly  chft- 
racteristic  of  the  ferniginoua  beds  of  the  Lower  GreenBand  in  Wilti. 


Thia  genus  is  closely  allied  to  Chama,  and  the  cast  of  the  interior 
has  been  compared  to  the  horns  of  a  goat.  The  same  shell  has  been 
referred  by  some  aathors  to  Caprotina,  and  by  others  to  Meguienia. 


Pabeontologieal  relation  of  the  Upper  and  Lower  Cretaceomt 
Roche. — ^Professor  Bamsay  has  deduced  from  an  analysis  of  tables 
drawn  ap  by  Mr.  Etheridge  of  the  fossils  of  the  Cretaceons  series  of 
Grokt  Britain  the  following  conclosions  : — First,  that  a  great  nam- 
ber  of  species  are  common  to  the  different  subdifisions  of  the  Up- 
per Cretaceona  group,  such  as  the  Gault,  Upper  Greensaad,  Wliite 
Chalk,  «rc 

Secondly,  that  there  is  a  great  break  between  the  Lower  and 
Upper  Cretaceous  series,  for  of  2B0  species  of  all  kinds  of  animal 
remains  known  in  the  Lower  Cretaceous,  233  are  peculiar,  &nd  51, 
or  only  about  18  per  cent,,  pass  from  die  Lower  Greensand  to  the 
Ganlt  and  overlying  strata. 

The  same  geologist  adds,  "  This  break  and  disappearance  of  so 
many  species  in  succession  is  accompanied  by  a  stratigraphical  break 
&B  well;  for  round  the  Weald  it  is  known  that  in  some  of  the  Tery 
few  exposures  of  junctions  the  Ganlt  has  been  seen  lying  on  ett>ded 
snrfaces  of  Lower  Greensand,  while  in  the  western  and  middle  parts 
of  England,  on  the  west  and  north  of  the  great  chalk  escarpment, 
the  frequent  and  sudden  orerlapa  of  the  Lower  Greensand  by  the 
Gault  leave  no  doabt  that  the  upper  formation  lies  actually  odcod- 
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formablj  on  the  lower,  and  the  time  oocnpled  hy  the  dennd&tien  has 
been  with  na  nnrepreMnted  by  any  stratified  fonnatioD."*  Tet, 
while  there  ia  so  mnch  difierenoe  between  the  organic  remaini  of  the 
Upper  and  Lower  Cretaceoue  rocks,  the  Cretaceous  series,  paUeon- 
tologically  considered,  forms  an  independent  whole,  having  scarcely 
any  species  in  common  with  the  Oolitic  series  which  preceded  it,  or 
with  the  £ocene  which  followed.  Thus,  by  referring  to  the  tables 
above  mentioned,  we  observe  that  S21  species  are  enumerated  as 
known  in  the  Upper  Chalk  of  England,  all  of  which,  with  the  ex- 
ception  of  Ttrebratula  eaput-terpentit,  and  a  few  Foraminifera,  had 
become  extinct  before  the  beginning  of  the  Eocene  epoch,  as  repre- 
sented by  the  Thanet  sands. 

On  the  other  hand,  when  the  lowest  marine  strata  or  Atherfleld 
beds  of  the  Cretaceons  series  are  compared  with  the  marine  forma- 
tions of  the  Upper  Oolite,  we  find' that  no  British  species  pass  from 
one  to  the  othw,  and  we  know  that  this  change  in  the  organic  worid 
coincides  in  date  with  that  enormous  lapse  of  time  during  which  the 
freshwater  formations  of  the  Wealden  and  Furbeck,  more  than  1500 
feet  in  thickness,  were  deposited. 

WZAI,DIN  roBiuTioir. 

Beneath  {he  Lower  Greensand  in  the  S.E.  of  England,  a  fresh- 
water formation  is  found,  called  the  Wealden  (see  Nos.  5  and  6, 
Map,  fig.  355.  p.  356.),  which,  although  it  occupies  a  small  horiiontal 
area  in  Europe,  as  compared  to  the  White  Chalk  and  Greensand,  b 
nevertheless  of  great  geological  interest,  since  the  embedded  remains 
give  ns  some  insight  into  the  nature  of  the  terrestrial  fauna  and 
flora  of  the  Lower  Cretaceous  epoch.  The  name  of  Wealden  was 
given  to  this  group  because  it  was  first  studied  in  parts  of  Kent, 
Surrey,  and  Sussex,  called  the  Weald  (see  Map,  p.  356.) ;  and  we  are 
indebted  to  Dr.  Mantell  for  having  shown,  in  1822,  in  his  "  Geology 
of  Sussex,"  that  the  whole  group  was  of  fluviatile  origin.  In  proof 
of  this  he  called  attention  to  the  entire  absence  of  Ammonites,  Be- 
lemnites,  Terebratulie,  Echinitee,  Corals,  and  other  marine  fossils, 
so  characteristic  of  the  Cretaceous  rocks  above,  and  of  the  Oolitic 
strata  below,  and  to  the  presence  in  the  Weald  of  Faludinra,  Melanits, 
and  various  fiuviatile  shells,  as  well  as  the  bones  of  terrestrial  reptiles 
and  the  trunks  and  leaves  of  land-plants. 

The  evidence  of  so  unexpected  a  fact  as  the  infra-position  of  a 
dense  mass  of  purely  freshwater  origin  to  a  deep-sea  deposit  (a  phe- 
nomenon with  which  we  have  since  become  familiar)  was  received, 
at  first,  with  no  small  doubt  and  incredulity.  Bat  the  relative  po- 
sition of  the  beds  is  unequivocal ;  the  Weald  Clay  being  distincUy 
seen  to  pass  beneath  the  Lower  Greensand  in  various  parts  of  Surrey, 
Kent,  and  Sussex,  and  to  reappear  in  the  Isle  of  Wight  at  the  base 
of  the  Cretaceous  series,  being,  no  doubt,  continuous  far  beneath  the 

*  Banuay,  AoaiTciMTy  Addnu,  Q«oL  Qnait.  Jooin,,  toL  xx.  p.  S8. 


344  WEALD   CLAT.  [Cn.  XVIII. 

BDrface,  as  indicated  bj  the  dotted  linen  in  the  winexed  diBgram, 
1g.  337. 


1.  GnenUDl.       c.  VWd  Cli;.       A  HtMlnii  Siod.       (.  PurtMck  brdi. 

The  Wealden  is  diviBible  into  two  minor  gronps  : — 

Itt.  Waald  Cl*7 — bine  and  brovn  claj  and  shale,  mnetimet  indndiog 

thin  bedj  of  aaod  and  ihellflimeaWiie  with  PaJtufuaa     -  •    600  ft^ 

ad.  Eaning*  Sand — cliieflj  anmoceoni,  bat  in  which  occur  ■ome  clays 

and  calcanoDS  giiU  *   •  -  -  -  •  -    710  fL 

Another  freshwater  formation,  caUed  the  Pnrbeck,  coneieting  of 
various  limestones  and  marls,  conUining  distinct  species  of  mollascs, 
Cyprides,  and  other  fossils,  lies  immediately  beneath  the  Wealden  in 
the  south-east  of  England.  As  it  is  nov  found  to  be  more  nearl7 
related,  by  its  organic  remains,  to  the  Oolitic  than  to  the  Cretaceous 
Series,  it  will  be  treated  of  in  the  twentieth  chapter. 


WeaU  Clay. 

The  upper  division,  or  Weald  Clay,  is  of  purely  freshwater  origin. 
Its  highest  beds  are  not  only  conformable,  as  Dr.  Fitton  observes, 
to  the  inferior  strata  of  the  Lower  Greensand,  but  of  similar 
mineral  composition.  To  explain  this,  we  may  suppose,  that,  as  the 
delta  of  a  great  river  was  tranquilly  subsiding,  so  aa  to  allow  the 
sea  to  encroach  upon  the  apace  previously  occupied  by  fresh  water, 
the  river  still  continued  to  carry  down  the  same  sediment  into  the 
sek  In  confirmation  of  this  view  it  may  be  stated,  that  the  remains 
of  the  Iguanodon  Mantelli,  a  gigantic  terrestrial  reptile,  very 
characteristic  of  the  Wealden,  has  been  discovered  near  Maidstonet 
in  the  overlying  Kentish  rag,  or  marine  limestone  of  the  Lower 
Greensand.  Hence  we  may  infer,  that  some  of  the  saurians  which 
inhabited  the  country  of  the  great  river  continued  to  live  when 
part  of  the  country  had  become  submerged  beneath  the  sea.  Thus, 
in  our  own  times,  we  may  suppose  the  bones  of  large  alligators  to 
be  frequently  entombed  in  recent  freshwater  strata  in  the  delta  of 
the  Ganges.  But  if  part  of  that  delta  should  sink  down  so  as  to 
be  covered  by  the  sea,  marine  formations  might  begin  to  accumulate 
in  the  same  apace  where  freshwater  beds  had  previously  been 
formed  ;  and  yet  the  Ganges  might  still  pour  down  its  turbid 
waters  in  the  same  direction,  and  carry  seaward  the  carcases  of  the 
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Mme  species  of  alligator,  in  which  case  (heir  bones  might  be  in- 
cluded in  marine  as  well  as  in  subjacent  freshwater  strata. 

The  IguaDodon,  first  diacovered  b^  Dr.  Mantell,  has  left  more  of 
its  remains  in  the  Wealden  strata  of  the  soatb-eaatern  counties  and 
Isle  of  Wight  than  has  an/  other  genus  of  associated  saurians.  It 
was  an  herbivorous  reptile,  and  regarded  by  Cuyier  as  more  extra- 
ordinary than  any  with  which  he  was  acquainted ;  for  the  teeth, 
though  bearing  a  great  analogy,  in  their  general  form  and  crenated 
edges  (see  figs.  338.  a.,  338.  b.),  to  the  modem  Iguanas  which  now 
frequent  the  tropical  woods  of  America  and  the  West  Indies,  ex- 
hibit many  striking  and  important  difierences.  It  appears  that  they 
have  often  been  worn  by  the  process  of  mastication  ;  whereas  the 
existing  herbivorous  reptiles  clip  and  gnaw  off  the  vegetable  pro- 
ductions on  which  they  feed,  but  do  not  chew  them.  Their  teeth 
frequently  present  an  appearance  of  having  been  chipped  off,  but 
never,  like  the  fossil  teeth  of  the  Iguanodon,  have  a  flat  ground 
surface  (see  fig.  339.  b.),  resembling  the  grinders  of  herbivorous 
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mammalia.  Dr.  Mantell  computes  that  the  teeth  and  bones  of  this 
species  which  passed  under  his  examination  during  twenty  years 
must  have  belonged  to  no  less  than  seventy-one  distinct  individuals, 
varying  in  age  and  magnitude  from  the  reptile  just  burst  from  the 
egg,  to  one  of  which  the  femar  measured  twenty-four  inches  in 
circumference.  Yet,  notwithstanding  that  the  teeth  were  more 
numerous  than  any  other  bones,  it  is  remarkable  that  it  was  not 
until  the  relics  of  all  these  individuals  had  been  found,  that  a  soli- 
tary example  of  part  of  a  jawbone  was  obtained.  More  recently 
remains  both  of  the  upper  and  lower  jaw  have  been  met  with  in  the 
Hastings  beds  in  Tilgate  Forest.  Their  sixe  was  somewhat  greater 
than  had  been  anticipated,  and  Dr.  Mantell,  who  does  not  agree  with 
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ProfesBor  Owen  th&t  the  tail  vu  ehort,  eBtimates  the  probable 
length  of  some  of  these  eaurians  at  between  50  and  60  feet. 
The  largeHt  femur  yet  foand  meaaurea  4  feet  8  inchea  in  length, 
the  circumference  of  the  shaft  being  25  inches,  and  if  measared 
round  the  condyles,  42  inches. 

OccasionaUy  bands  of  limestone,  called  Sussex  Marble,  occur 
in  the  Weald  Clay,  almost  entirely  composed  of  a  species  of 
J^ludinOy  closely  resembling  the  common  P,  vivipara  of  Englidi 
riTers. 

fjhells  of  the  Cyprit,  a  genua  of  CmBtaceans  before  mentioned 
(p.  31.)  as  abounding  in  lakes  and  ponds,  are  also  plentifully  scat- 
tered through  the  days  of  the  Wealden,  sometimes  prodaciug,  like 
plates  of  mica,  a  thin  laraiaation  (see  flg.  342.).  Similar  cypris- 
bearing  marls  are  found  in  the  lacustrine  tertiary  beds  of  Aurergne 
(see  above,  p.  222.). 


Wdld  cUy  with  CnrtlN. 


HatHngt  Sandi. 

This  lower  division  of  the  Wealden  consists  of  sand,  sandstone, 
calciferous  grit,  clay,  and  shale  ;  the  argillaceoas  strata,  notwith- 
standing the  name,  predominating  somewhat  over  tlie  arenaceous, 
as  will  be  seen  by  reference  to  the  following  section,  drawn  up  by 
Messrs.  Drew  and  Foster,  of  the  Government  Survey  of  Great 
Britain  ; — 


Wadlmm  Clay  • 
Aibdown  Smd  - 
Athbnmtuun  Beds 


(Bine   and  browa   sbsle   and 
cIaj  with  a  little  calc-grit  - 

( Hard  aaad  with  loine  bedi  of 
I     calc-grit  -        -        -        - 


The  picturesque  scenery  of  the  "  High  Rocks  "  and  other  places 
in  the  neighbourhood  of  Tunbridge  is  caused  by  the  steep  natural 
cliffs,  to  which  a  hard  bed  of  white  sand,  occurring  in  the  upper 
part  of  the  Tunbridge  Wells  Sand,  mentioned  in  the  above  table, 
gives  rise.  Mr.  Drew  found  tfais  bed  of  "  rock'Sand  "  to  vary  in 
thickneas  from  25  to  48  feet.    Large  nuusea  of  it,  which  were  by 
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no  me&ns  hard  or  capable  of  making  a  good  building- stone,  form, 
never thelesa,  projecting  rocks  with  perpendicular  faces,  and  re- 
riat  the  degrading  action  of  the  river  because,  aajH  Mr.  Drew,  tbe^ 
present  a  solid  mass  without  planes  of  divisioo.*  The  calcareous 
sandstone  and  grit  of  Tilgate  Forest,  near  Cuckfield,  in  vhich 
the  remains  of  the  Iguauodon  and  Hjlteosaurus  were  first  found 
bjDr.  Mantell,  constitute  an  upper  member  of  the  Tunbridge  Wells 
^uid,  while  the  "sand-rock"  of  the  Hastings  cliffs,  about  100 
feet  thick,  is  one  of  the  lower  members  of  the  same.  The  rep- 
tjles,  which  are  verj  abundant  in  this  dirision,  consist  partly  of 
sanrians,  referred  by  Owen  and  Mantell  to  eight  genera,  among 
which,  besides  those  already  euumersted,  we  find  the  Megalosau- 
ras  and  Plesiosaurus.  The  Pterodactyl  also,  a  flying  reptile,  is  met 
with  in  the  same  strata,  and  many  remains  of  Chelonians  of  the 
genera  Trionyx  and  Etnyi,  now  confined  to  tropical  regions. 

The  fishes  of  the  Wealdeu  are  chiefly  referable  to  the  Ganoid  and 
Placoid  orders.  Among  them  the  teeth  and  scales  of  Ltpidotut  are 
most  widely  diffused  (see  flg.  343.).    These  ganoids  were  allied  to 


the  Lepidotteui,  or  Gar-pike,  of  the  American  rivers.  The  whole 
body  was  covered  with  large  rhomboidal  scales,  very  thick,  and 
having  the  exposed  part  coated  with  enamel.  Most  of  the  species 
of  this  genns  are  supposed  to  have  been  either  river-fish,  or  inha- 
bitants of  the  sea  at  the  mouth  of  estuaries. 

The  shells  of  the  Hastiugs  beds  belong  to  the  genera  Melanoptit, 
Melania,  Paludina,  Cyrena,  Cyclai,  Unio  (see  flg.  344.),  and  others, 
which  inhabit  rivers  or  lakes  ;  but  one  band  has  been  found  at 
Punfield,  in  Dorsetshire,  indicating  a  brackish  state  of  the  water, 
where  the  genera  Corbula  (see  fig.  345.),  Mytiltu,  and  Ottrea  occur ; 
and  in  some  places  this  bed  becomes  purely  marine,  the  species 
being  for  the  most  part  peculiar,  but  several  of  them  well-known 
Lower  Greeosand  fossils,  among  which  Ammonilet  DtikayeiU  may 
be  mentioned.  These  facts  show  how  closely  related  were  the  faunas 
of  the  Wealden  and  Cretaceous  periods. 

At  different  heights  in  the  Hastings  Sand,  we  find  agun  and 
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again  slaba  of  sftndBtonQ  with  %  Btrong  ripple-mark,  and  between 
these  slabs  beda  of  cla^  many  ^arda  thick.  In  aome  places,  u  at 
fjtammerham,  near  Horaham,  there  are  indications  of  this  claj 
having  been  exposed  so  as  to  dry  and  crack  before  the  next  layer 
vas  thrown  down  upon  it.  The  open  cracks  in  the  clay  have 
served  as  moulds,  of  which  casta  have  been  taken  in  relief,  and 
which  are,  therefore,  seen  on  the  lower  surface  of  the  sandstoDO 
(see  flg.  346.). 

F1(.MS. 


Near  the  same  place  a  reddish  sandstone  occurs  in  which  are  in- 
nnmerable  traces  of  a  fossil  vegetable,  apparently  Sphenopterit,  tho 
stems  and  branches  of  which  are  disposed  as  if  the  plants  were 
standing  erect  on  the  spot  where  they  originally  grew,  the  sand 
having  been  gently  deposited  upon  and  around  them  ;  and  similar 
appearances  have  been  remarked  in  other  places  in  this  formation.* 
lu  the  same  division  also  of  the  Wealden,  at  Cuckfield,  is  a  bed 
of  gravel  or  conglomerate,  consisting   of  water-worn  pebbles  of 
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quartz  and    jasper,  with  rolled    bones  of  reptiles.      These  nuBt 
hare  been  drifted  by  &  current,  probably  in  water  of  no  great  depth. 

From  Buoh  facta  we  may  infer  that,  „,.  ^ 

notwithstanding  the  great  thickness  of 
thia  division  of  the  Wealden,  the  whole  i 
of  it  was  a  deposit  in  water  of  a  mo-  I 
derate  depth,  and  often  extremely  J 
shallow.  This  idea  may  seem  startling 
at  first,  yet  such  would  be  the  natural 
Gomeqaence  of  a  gradual  and  con- 
tinnoaa  sinking  of  the  ground  in  an 
estaaryorbay,  intowhichagreatriver  j 
discharged  its  turbid  waters.  By  each  """"'* 
foot  of  subsidence,  the  fundamental 
rock  would  be  depressed  one  foot  farther  fVom  the  surface  ;  but 
the  bay  would  not  be  deepened,  if  newly  deposited  mud  and  sand 
should  raise  the  bottom  one  foot.  On  the  contrary,  such  new  strata 
of  sand  and  mud  might  be  frequency  laid  dry  at  low  water,  or 
overgrown  for  a  season  by  a  vegetation  proper  to  marshea. 

Area  of  the  Wealden.— In  regard  to  the  geographical  extent  of 
the  Weolden,  it  cannot  be  accurately  laid  down ;  because  ao  much 
of  it  is  concealed  beneath  the  newer  marine  formations.  Tt  haa  been 
traced  about  200  English  miles  from  west  to  east,  from  the  coast  of 
Dorsetshire  to  near  Boulogne,  in  France  ;  and  nearly  200  miles  from 
north-west  to  south-east,  from  Surrey  and  Hampshire  to  Beanvaia, 
in  France.  If  the  formation  be  continuous  throughout  thia  apace, 
which  is  very  doubtful,  it  does  not  follow  that  the  whole  was  con- 
temporaneoua  ;  because,  in  all  likelihood,  the  physical  geography  of 
the  region  underwent  frequent  changes  throughout  the  whole  period, 
and  the  estuary  may  have  altered  its  form,  and  even  shifted  its 
place.  Dr.  Dunker,  of  Cassel,  and  H.  von  Meyer,  in  an  excellent 
monograph  on  the  Wealdens  of  Hanover  and  Westphalia,  have 
shown  that  they  correspond  ao  closely,  not  only  in  their  fossils,  but 
also  in  their  mineral  characters,  with  the  English  aeries,  that  we 
can  scarcely  hesitate  to  refer  the  whole  to  one  great  delta.  Even 
then,  the  magnitude  of  the  deposit  may  not  exceed  that  of  many 
modem  rivers.  Thus,  the  delta  of  the  Quorra  or  Niger,  in  Africa, 
Btrctches  into  the  interior  for  more  than  170  miles,  and  occupies,  it 
is  supposed,  a  space  of  more  than  300  miles  along  the  coast,  thus 
forming  a  surface  of  more  than  2fi,000  square  miles,  or  equal  to 
about  one  half  of  England.*  Besides,  we  know  not,  in  such  cases, 
how  far  the  fluviatile  sediment  and  organic  remains  of  the  river  and 
the  land  may  be  carried  out  from  the  coast;  and  spread  over  the  bed 
of  the  sea.  I  have  shown,  when  treating  of  the  Mississippi,  that  a 
more  ancient  delta,  including  species  of  sheila,  anch  as  now  inhabit 
Iiouisiana,  has  been  upraised,  and  made  to  occupy  a  wide  geogra- 
phical area,  while  a  newer  delta  is  forming ;  |  and  the  possibility  of 
■  Tllton,  OeoL  orHaNin^.  p.  SB.,  who  eiUa  Lander's  Timveli. 
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Buch  moTemeotA,  and  their  effects,  mast  not  be  lost  eight  o£  vhen 
we  Bpeculftte  on  the  origin  of  the  Wealden. 

If  it  be  aaked  where  the  contineot  wu  placed  from  the  miiu 
of  which  the  Wealden  etrattt  were  derived,  and  bj  the  drainage 
of  which  %  great  river  was  fed,  we  are  half  tempted  to  speculate 
on  the  former  ezirtence  of  the  Atlantia  of  Plab).  The  etorj  of  the 
sabmergence  of  an  ancient  continent,  however  fabulous  in  histwy, 
mast  have  been  trne  again  and  again  as  a  geological  erent. 

The  real  difflcaltjr  consists  in  the  persistence  of  a  large  fajdro- 
graphical  basin,  from  whence  a  great  body  of  fresh  water  was  ponred 
into  the  sea,  precisely  at  a  period  when  the  neighbouring  area  of  the 
Wealden  was  gradually  going  downwards  1000  feet  or  more  perpen- 
dicularly. If  the  ai^oiniog  land  participated  in  the  movement,  how 
could  it  escape  being  submerged,  or  bow  conld  it  retain  its  size  and 
altitude  so  as  to  continue  to  be  the  source  of  such  an  inexhaustible 
supply  of  fresh  water  and  sediment  ?  In  answer  to  this  question, 
we  are  fairly  entitled  to  suggest  that  the  neighbouring  land  may 
have  been  stationary,  or  may  even  have  undergone  a  contempora- 
neons  slow  upheaval.  There  may  have  been  an  ascending  movement 
in  one  region,  and  a  descending  one  in  a  contiguous  parallel  zone  of 
country ;  juat  as  the  northern  part  of  Scandinavia  is  now  rising, 
white  the  middle  portion  (that  south  of  Stocltholm)  is  unmoved,  and 
the  southern  extremity  in  Scania  is  sinking,  or  at  least  has  sank 
within  the  historical  period.*  We  must,  nevertheless,  conclude,  if 
we  adopt  the  above  hypothesis,  that  the  depression  of  the  land  be- 
came general  throughout  a  large  part  of  £urope  at  the  close  of  the 
Wealden  period,  and  this  aubsidenca  brought  in  the  cretaceous 
ocean. 

The  flora  of  the  Wealden  and  the  Lower'  Greensand  is  charac* 
terised  by  a  great  abundance  of  Conifers^,  Cycadese,  and  Ferns,  and 
by  the  absence  of  leaves  and  fruits  of  dicotyledonous  angtospenns. 
The  discovery,  in  1855,  in  the  Hastings  beds  of  the  Isle  of  Wight, 
of  Gyrogonites,  or  spore-vessels  of  the  Chara,  supplied  a  link  be- 
tween the  secondary  and  tertiary  flora  which  was  previonsly  want- 
ing. 

,,  1890,  Qoan.  GvA.  Joan., 
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CHAPTER  SIX. 

DENDDAIIOM   OT  THK  OBALE  ASD  VEALDXIT, 

^jiinl  gtognphj  or  certiin  diatricti  compoted  of  CretMeoiu  mnd  WMldcn  itrsU 
— Linei  of  iaUnd  cbatk-difis  on  tbe  Seine  ia  Normandy — OaUtanding  pillus 
aod  need]ei  of  chalk— Denndation  of  tbe  chalk  and  Wealden  in  Smrey,  Kent, 
ftnd  Soauz — Chalk  once  continnona  from  tha  North  to  the  Sonih  Down*  — 
Anticlinal  axii  and  parallel  ridges— Longiindinal  and  trknirerM  Talleya — 
Chalk  weatptaeau — RUs  and  denndMion  of  Che  itrat*  gradual—Ridge*  formed 
bj  baider,  Talleji  bj  softer  bedi — At  what  perioda  the  Weald  Vallej  wa« 
denoded— Whj  no  aUnrinm,  or  wreck  of  the  chalk,  in  tbe  central  diitiict  of  the 
Weald — SticeeHi-re  periodi  of  marine  denadaCion — The  lateat  of  theM  poelBrior 
to  the  Upper  Miocene  era— Elephant  bed,  Brighton — Sangatte  Ctiff  Tbe 
great  eseorpmenti  and  tranarerM  Tallefi  of  the  chalk  mainl;  due  to  the  wares 
and  tide*  of  the  aea— Faroi;*nial  caoMi  nnneccMarj  for  ezplaloiog  the  ex- 
ternal conflgaration  of  the  Wealden. 

All  the  fossiliferouH  fomifttiona  majr  be  etndied  bj  the  geologist  in 
two  distinct  paints  of  view  :  first,  in  reference  to  their  position  in 
the  series,  their  mineral  character  and  foasila  )  and,  BecoDdl]r,  in 
r^ard  to  their  ph^ical  geography,  or  the  manner  in  which  they 
now  enter,  aa  mineral  maases,  into  the  external  stmctnrt)  of  the 
earth ;  forming  the  bed  of  lakes  and  seas,  or  the  surface  or  fonnda- 
tion  of  hills  and  valleys,  plains  and  table-lands.  Some  account  has 
already  been  given,  on  the  first  head,  of  the  Tertiary,  the  Cretaceous, 
and  the  Wealden  strata ;  and  we  may  now  proceed  to  consider  cer- 
tain features  in  the  physical  geography  of  these  groups  as  they  occur 
in  parts  of  England  and  France. 

The  hills  composed  of  white  clialk  in  tbe  S.E.  of  England  have  a 
smooth  rounded  outline,  and,  being  usually  in  tbe  state  of  sheep- 
pastures,  are  free  from  trees  or  hedgerows  ;  so  that  we  have  an  op- 
portunity of  observing  how  the  valleys  by  which  they  are  drained 
ramify  in  all  directions,  and  become  wider  ud  deeper  aa  they  descend. 
Although  these  valleys  are  now  for  tbe  most  part  dry,  except  during 
heavy  rains  oaA  the  melting  of  snow,  they  may  have  been  due  to 
aqueous  denudation,  as  explained  in  the  sixth  chapter;  having  been 
excavated  when  the  chalk  emerged  gradually  from  ihe  sea.  This 
opinion  is  confirmed  by  the  occasional  occurrence  of  what  appear  to 
be  long  lines  of  inland  cliffs,  in  which  the  strata  are  cut  off  abruptly 
in  steep  and  often  vertical  precipices.  The  true  natnre  of  su^ 
escarpments  is  nowhere  more  obvious  than  in  parts  of  Normandy, 


n,g,t,7rJM,GOOglC 


352 


1NI.AKD  CHALK-CLIFFS. 


CCb.  XIX. 


where  the  riTer  Seine  and  ita  tributaries  flow  throngh  deep  winding 
TBUe7S,  hollowed  out  of  chalk  horiEontalljr  stratified.  Thus,  for 
example,  if  we  foUow  the  Seine  for  a  distance  of  about  30  miles 
from  Andeljs  to  £lb(£uf,  we  find  the  valley  fianked  on  both  sides 
hj  a  steep  slope  of  chalk,  with  numeroua  beds  of  flint,  the  foimatioD 
being  lud  open  for  a  thickness  of  abont  250  and  300  feet.  Above 
the  chalk  is  an  overlying  mass  of  sand,  gravel,  and  claj,  from  30  to 
100  feet  thick,     llie  two  opposite  slopes  of  the  hills  a  and  b,  fig.  348., 


where  the  chalk  appears  at  the  suriace,  are  from  2  to  4  miles  apart, 
and  they  are  often  perfectly  smooth  and  even,  like  the  steepest  of 
our  downs  in  England  ;  but  at  many  points  they  are  broken  by  one, 
two,  or  more  ranges  of  vertical  and  even  overhanging  ditSa  of  bare 
white  chalk  with  flints.  At  some  points  detached  needles  and  pin- 
nacles Stand  in  the  line  of  the  clifi^  or  in  front  of  them,  as  at  c,  fig 
848.  On  the  right  bank  of  the  Seine,  at  Andelys,  one  range,  about 
2  miles  long,  is  seen  varying  from  50  to  100  feet  in  perpendicular 
height,  and  having  its  continuity  broken  by  a  number  of  dry  valleys 
or  cimmbf,  in  one  of  which  occurs  a  detached  rock  or  needle,  called 
the  Tete  d'Homme  (see  figs.  349,  350.).    The  top  of  this  rock  pre- 


sents a  precipitous  face  towards  every  point  of  the  compass ;  its 
vertical  height  being  more  than  20  feet  on  the  side  of  the  downs, 
and  40  towards  the  Seine,  the  average  diameter  of  the  pillar  being 
36  feet.    Ita  composition  is  the  same  as  that  of  the  larger  diffii  in 
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its  neighbourhood,  namelj,  white  chalk,  having  occasiouallj  a  crya- 
tslline  texture  like  marbles  yrith  lAjera  of  flint  in  nodulee  and  tabular 
masses.  The  flinty  beds  often  project  in  relief  4  or  5  feet  bejond 
the  white  chalk,  which  is  generally  ia  a  state  of  slow  decomposition, 
either  exfoliating  or  being  covered  with  white  powder,  like  the 
chalk  cliK  on  the  English  coast ;  and,  as  in  them,  this  enperScial 
powder  contains  in  some  places  common  salt. 

Other  cliffs  are  situated  on  Ibe  right  bank  of  the  Seine,  opposite 
Tonmedos,  between  Andelys  and  Pont  de  I'Arcbe,  where  the  preci- 
pices are  from  50  to  80  feet  high :  several  of  their  sommits  terminate 
in  pinnacles ;  and  one  of  tbem,  in  particular,  is  so  completely  de- 
tached as  to  present  a  perpendicular  face  50  feet  high  towards  the 
sloping  down.  On  these  cliffs  several  ledges  are  seen,  which  mark 
BO  many  levels  at  which  the  waves  of  the  sea  may  be  supposed  to  have 
encroached  for  a  long  period.  At  a  still  greater  height,  inunediately 
above  the  top  of  this  range,  are  three,  much  smaller  cliffs,  each  about 
4  feet  high,  with  as  many  intervening  terraces,  which  are  continued 
eo  as  to  sweep  in  a  semicircular  form  round  an  adjoining  coomb,  like 
those  in  Sicily  before  described  (p.  76,). 

If  we  then  descend  the  river  from  Vatteville  to  a  place  called 
SenneviUe,  we  meet  with  a  singular  needle  about  50  feet  high,  per- 
fectly isolated  on  the  escarpment  of  chalk  on  the  right  bank  of  the 
Seine  (see  fig.  351.}.  Another  coaspicuous  range  of  inland  cliffi  is 
situated  about  12  miles  below  on  the  left  bank  of  the  Seine,  ban- 
ning at  Elbceut^  and  com}»eh«iding  the  Boehea  d'Orival  (see  Jig.  352.). 
Like  those  beibre  described,  it  has  on  insular  stir&ce,  often  over- 
hanging, and  with  beds  of  flint  projecting  several  feet.  Like  them, 
also,  it  exhibite  a  white  powdery  surface,  and  consists  entirely  of 
horizontal  chalk  with  flints.  It  is  40  miles  inland  ;  its  height,  in 
some  parts,  exceeds  200  feet ;  and  its  base  is  only  a  few  feet  abovr 
the  level  of  the  Seine.  It  is  broken,  in  one  place,  by  a  pyramidal 
mass  or  needle,  200  feet  high,  called  the  Roche  de  Pignon,  which 
stands  out  abont  25  feet  in  front  of  ^e  upper  portion  of  the  main  cliffy. 
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with  which  it  ia  united  by  a  nurow  ridge  about  40  feet  lower  Uun 
its  summit  (see  fig.  S5S.).   Like  the  detached  rocks  before  jnentioned 


at  Sennerille,  Vatteville,  and  Andelys,  it  may  be  compared  to  those 
needles  of  clialk  which  occur  on  the  coast  of  Normandy* -(see  £g< 
354.),  as  well  as  in  the  Isle  of  Wight  and  in  Porbeck. 

The  foregoing  description  and  drawings  will  show,  that  the 
evidence  of  certain  escarpments  of  the  chalk  having  been  originally 
ses-cli^  is  far  more  full  and  satisfactory  in  France  than  in  England. 
If  it  be  asked  why,  in  the  interior  of  our  own  country,  we  meet  with 
no  ranges  of  precipices  equally  vertical  and  overhanging  and  no 
isolated  pillars  or  needles,  we  may  reply  that  the  greater  hardness  of 
the  chalk  in  Normandy  may,  no  doubt,  be  the  chief  cause  of  this 
difference.     But  the  frequent  absence  of  all  signs  of  littoral  denuda- 
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tion  in  the  valley  of  the  Seine  itself  ia  a  negative  fact  of  a  far  more 
striking  and  perplexing  character.  The  cliffs,  after  being  ahnoBt 
continuous  for  miles,  are  then  irhoUy  wanting  for  much  greater  dis- 
tances, being  replaced  by  a  green  sloping  down,  although  the  beds 
remun  of  the  same  composition,  and  are  equally  horizontal ;  and 
although  we  may  feel  assured  that  the  manner  of  the  upheaval  of 
the  land,  whether  intermittent  or  not,  must  have  been  the  same  at 
those  intemiediatfi  points  where  no  cliffs  exist,  as  at  others  where 
they  are  so  fully  developed.  But,  in  order  to  explain  such  apparent 
anomalies,  the  reader  must  refer  again  to  the  theory  of  denudation, 
as  expounded  in  the  sixth  chapter;whereit  was  shown,  first,  that  the 
undermining  force  of  the  waves  and  marine  currents  varies  greatly 
at  different  parts  of  every  coast;  secondly,  that  precipitous  rocka 
have  often  decomposed  and  crumbled  down ;  and  thirdly,  that  ter- 
races and  small  cliffs  may  occasionally  lie  concealed  beneath  a  talus 
of  detrital  matter. 

Denudation  of  the  Weald  VaUey. — Ko  district  is  better  fitted  to 
illustrate  the  manner  in  which  a  great  series  of  strata  may  have  been 
Bpheaved  and  gradually  denuded  than  the  country  intervening  be- 
tween the  North  and  South  Downs.  This  region,  of  which  a  ground- 
plan  is  given  in  the  accompanying  map  (fig.  355.),  comprises  within 
it  nearly  all  Sussex,  and  parts  of  the  ooimtieb  of  Kent,  Surrey, 
and  Hampshire.  The  space  in  which  the  formations  older  than  the 
White  Chalk,  or  those  from  the  Gault  to  the  Hastings  sands  inclu- 
sive, crop  out^  is  bounded  everywhere  by  a  great  escarpment  of 
chalk,  which  is  continued  on  the  opposite  side  of  the  channel  in  the 
Bas  Boulonnaia  in  France,  where  it  forms  the  semicircular  boundary 
of  a  tract  in  which  older  strata  also  appear  at  the  surface.  The 
whole  of  this  district  may  therefore  be  considered  geologically  as 
one  and  the  same. 

The  space  hero  inclosed  within  the  escarpment  of  the  chalk  affords 
an  example  of  what  has  been  sometimes  called  a  "  valley  of  eleva- 
tion" (more  properly  "of  denudation");  where  the  strata,  partially 
removed  by  aqueous  excavation,  dip  away  on  all  sides  from  a  eeutrsl 
axis.     Thus,  it  is  supposed  that   the  area  now  occupied  by  the 
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Hastings  sand  (No.  6.)  wu  once  covered  by  the  Weald  clay  (No.  S.\ 
and  this  igaiii  by  the  Greenaond  (No.  4.),  and  this  by  the  Gault 
(No.  3.);  and,  lastly,  that  the  Chalk  (No.  2.)  extended  originally 
over  the  whole  space  between  the  North  and  the  South  Downs.  This 
theory  wiU  be  better  understood  by  consulting  the  annexed  diagram 
(fig.  356.),  where  the  dark  lines  represent  what  now  remains,  and  the 
fainter  ones  those  [rartions  of  rock  which  are  believed  to  have  been 
carried  away. 

At  each  end  of  the  diagram  the  tertiary  strata  (No.  1.)  are  ex- 
hibited reposing  on  the  chalk,  la  the  middle  are  seen  the  Hastings 
sanda  (Na  6.)  forming  an  anticlinal  axis,  on  each  side  of  which  the 
other  formations  are  arranged  vrith  an  opposite  dip.  It  has  been 
necessary,  however,  in  order  to  give  a  clear  view  of  the  different 
formations,  to  exaggerate  the  proportional  height  of  each  in  compa- 
rison to  its  horizontal  extent;  and  a  true  scale  is  therefore  subjoined 
in  another  diagram  (fig.  357.),  in  order  to  correct  the  erroneous 
impression  which  might  otherwise  be  made  on  the  reader's  mind. 
In  this  section  the  distance  between  the  North  and  South  Downs  is 
represented  to  exceed  forty  miles  ;  for  the  Valley  of  the  Weald  is 
here  intersected  in  its  longest  diameter,  in  the  direction  of  a  line 
between  Lewes  and  Maidston& 

Through  the  central  portion,  then,  of  the  district  supposed  to  be 
denuded  runs  a  great  anticlinal  line,  having  a  direction  nearly  east 
and  west,  on  both  sides  of  which  the  beds  5,  4,  3,  and  2  crop  out  in 
succession.  But,  although,  for  the  sake  of  rendering  the  physical 
structure  of  this  region  more  intelligible,  the  central  line  of  elevation 
has  alone  been  introduced,  as  in  the  diagrams  of  Smith,  Mantell, 
Conybeare^  and  others,  geologists  have  always  been  well  aware  that 
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nmneroiiB  minor  Unea  of  dislocation  and  flesiiire  ran  parallel  to  the 
great  central  axiB. 

In  the  central  area  of  the  Hastings  eand  the  strata  have  under- 
gone the  greatest  displacement ;  one  £&ult  being  known,  where  the 
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vertical  shift  of  a  bed  of  calcareous  grit  is  no  less  than  60  fathoms.* 
Much  of  the  picturesque  scener;^  of  this  district  arises  from  the 
depth  of  the  narrow  valleys  and  ridges  to  which  the  sharp  bends  and 
fractures  of  the  strata  have  given  rise ;  but  it  is  also  in  part  to  be 
attributed  to  the  excavating  power  exerted  by  water,  especially  on 
the  interstratified  argillaceous  beds. 

Besides  the  series  of  longitudinal  valleys  and  ridges  in  the  Weald, 

there  are  valleys  which  run  in 

^  a  transverse  direction,  passing 

^   through  the  chalk  to  the  basin 

^  £   of  the  Thames  on  the  one  side, 

i  "I   and  to  the   English  Channel 

£       on  the  other.     In  this  manner 

-       the  chain  of  the  North  Downs 

S       is  broken  by  the  rivers  Wey, 

J       Mote,    Daren  t,    Med  way,   and 

M  .    Stour;  the   South  Downs  by 

f  g    the   Arun,   Adur,   Ouse,    and 

s  J    Cuckmere-t      If  these  trans- 

M      verse  hollows  could  be   filled 

I  up,  all  the  rivers,  observes  Dr. 
~  Conybeare,  would  be  forced 
g  to  take  an  easterly  course,  and 
^  ^  to  empty  themselves  into  the 
i5  ^  sea  by  Romney  Marsh  and 
i  "5    Pevensey  Levels. 

ij  I  ~       Mr.  Martin  has    suggested 

A  '^1    that  the  great  cross  fractures 

i  -^  of  the  chalk,  which  have  be- 
^  come  river-channels,  have  a 
S  remarkable  correspondence  on 
iS  each  side  of  the  valley  of  the 
=  Weald ;  in  several  instances 
w  S  the  goi^a  in  the  North  and 
£  L  South  Downs  appearing  to  be 

I I  directly  opposed  to  eacb  other. 
I S  Thus,  for  example,  the  defiles 
si  of  the  Wey  in  the  North 
i  ^  Downs,  and  of  the  Aran  in 
1  >  the  South,  seem  to  coincide 
1 1.  in  direction  ;  and,  in  like  man- 
■i  S  ner,  the  Ouse  corresponds  to 
£  %  the  Darent^  and  the  Cuckmere 
"■  I   to  the  Medway.J 

^       Altboogh  these  coincidences 
^    may,  perhaps,  be  accidental,  it 
is  by  no  means  improbable,  u 
X  Oeol.  of  WeOan  Soasex,  [^  6L 
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tooted  hj  the  anther  above  mentioned,  that  great  amount  of  ele< 
citioD  towards  the  centre  of  the  Weald  district  gave  rise  to  trans- 
veree  fisflores.  And  as  the  longitudinal  vallejs  irere  connected 
widi  that  linear  morement  which  caneed  the  anticlinal  lines  running 
MBt  and  west,  so  the  cross  fisauTes  might  have  been  occasioned  hj 
(be  iatendt;  of  (he  upheaving  force  towards  the  centre  of  the  line. 

But  before  treating  of  the  manner  in  which  the  upheaving  move- 
ment ma7  have  acted,  I  shall  endeavour  to  make  the  reader  more 
JDlimstdj  acquainted  with  the  leading  geographical  features  of  the 
diitrict,  so  £ar  as  thej  are  of  geological  interest 

In  whatever  direction  we  travel  from  the  tertiary  strata  of  the 
buins  of  Xondon  and  Hampsbiro  towards  the  valley  of  the  Weald, 
we  first  ascend  a  slope  of  white  chalk,  with  flints,  tai  then  find 
oareelves  on  the  snmmit  of  a  declivity  consisting,  for  the  most  part, 
(if  diflerent  members  of  the  chalk  formation  ;  below  which  the 
Upper  Greensand,  and  sometimes,  also,  the  Gault,  crop  out  This 
steep  declivity  ia  the  great  escarpment  of  the  chalk  before  mentioned, 
which  overhangs  a  valley  excavated  chiefly  oat  of  the  argillaceons 
or  marly  bed,  termed  Gault  (No.  3.).  The  escarpment  is  continuous 
along  the  southern  termination  of  the  North  Downs,  and  may  be 
meed  from  the  sea,  at  Folkestone,  westward  to  Guildford  and  the 
neighbourhood  of  Fetersfield,  and  from  thence  to  the  termination  of 
Uw  Sooth  I>owns  at  Beachy  Head.  In  this  precipice  or  steep  slope 
the  strata  &ro  cut  off  abruptly,  and  it  is  evident  that  they  must 
origiaally  have  extended  farther.  In  the  wood-cut  (fig.  358.  p.  358.) 
put  of  the  escarpment  of  the  Soutb  Downs  is  faithfully  represented, 
where  the  denudation  at  the  base  of  the  declivity  has  been  some- 
what more  extensive  than  usual,  in  consequence  of  the  Upper  and 
I-ower  Greensand  being  formed  of  very  incoherent  materials,  tlie 
former,  indeed,  being  extremely  thin  and  almost  wanting. 

The  geologist  cannot  fail  to  recognise  in  this  view  the  exact 
likeness  of  a  sea-cliS*;  and  if  he  turns  and  looks  in  an  opposite 
direction,  or  eastward,  towards  Beachy  Head  (see  fig.  359.X  ^^  will 


Tha  uitl«  ind  ril 


■ee  the  aaine  line  of  heights  prolonged.  Even  those  who  are  not 
Kcnstomed  to  speculate  on  the  former  changes  which  the  surface  has 
undergone  may  fancy  the  broad  and  level  plain  to  resemble  the  flat 
Mods  which  wero  laid  dry  by  the  receding  tide,  and  the  different 
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projecting  musea  of  chalk  to  be  the  headUnds  of  a  coast  vhich 
separated  the  different  bays  from  each  other. 

Occasionallf  in  the  North  Downs  sand-pipes  are  intersected  in  the 
slope  of  the  escarpment,  and  hare  been  regarded  hj  soma  geologists 
as  more  modern  than  the  slope ;  in  which  caae  they  might  afii>rd  an 
argument  against  the  theory  of  these  slopes  haring  originated  as  Bea- 
clifis  or  river-cliffe.     But,  when  we  observe  the  great  depth  of  many 
aand-pipes,  those  near  SeTenoaks,  for  example,  we  perceive  that  the 
lower  termination  of  such  pipes 
must  sometimes  appeu-  at  the 
surface  far  from  the  summit  of 
an   escarpment,  whenever   por- 
tions of  the  chalk  are  cut  away. 
In  regard  to   the   transverse 
valleys  before  mentioned,  aa  in- 
/  I    tersecting  the  chalk  hills,  some 

t  I    idea  of  them  may  be  derived 

I  «    from  the  subjoined  sketch  (fig. 

\  I    360.)  of  the  gorge  of  the  Riser 

'  ■:    Adur,  taken  &om  the  summit  of 

the  chalk-downs,  at  a  point  in 
the  bridle-way  leading  from  the 
=  towns  of  Bramber  and  Steyning 
I  to  Shoreham.  If  the  reader  wilt 
^  refer  again  to  the  view  given 
i  in  a  former  woodcut  (fig.  35S. 
-9  p.  358.),  he  will  there  see  the 
^  Z  i    exact  point  where  the  gorge  of 

^  <  ^    which    I   am  now  speaking  in- 

£  £  ^    terrupts  the  chalk  escarpment 

=  ^    A  projecting  hill,  at  the  point  a, 
§      hides  the  town  of  Steyning,  near 
^       which    the    valley    commences 
t       where  the  Adur  passes  directly 
I       to  the  sea  at  Old  Shoreham.  The 
^       river  flows  through    a    nearly 
level  plun,  as  do  most  of  the 
^   others  which  intersect  the  hills 
□    of  Surrey,  Kent,  and    Sussex; 
I    and  it  is  evident  that  these  open- 
'    ings  could  not  have  been  pro- 
I    duced  by  rivers,   except   under 
.    conditions  of  physical  geography 
entirely  different  from  those  now 
prevailing.     Indeed,  many  of  the 
existing  rivers,  like   Uie   Onse 
near  Lewes,  have  filled  up  arms 
of  the  sea,  instead  of  deepening 
the  hollows  which  they  traverse. 
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That  the  place  of  some,  if  not  of  all,  the  gorges  mnning  north  and 
Bonth,  has  been  origioaUy  determined  hj  the  fracture  and  displace- 
ment of  the  rockg,  seems  the  mora  probable,  when  we  reflect  on  the 
proo^  obtained  of  a  ravine  running  east  and  weal^  wMoh  branches 
offfrom  the  eBBt«m  side  of  tlie  Y^ey  of  the  Ouse  just  mentioned, 
and  vhich  ia  undoubtcdlj  due  to  dislocation.  This  rarine  is  called 
"Che  Coomb"  (Gg.  361.),  and  is  situated  in  the  suburbs  of  the  town 


of  Lewes.  It  was  first  traced  out  bj  Dr.  Mantell,  in  whose  com- 
paaj  I  examined  it.  The  steep  declivities  on  each  side  are  covered 
with  green  tur^  ts  is  the  bottom,  which  is  perfectly  drf.  Mo  ont- 
ward  fligns  of  disturbuice  toe  visible;  and  the  connection  of  the 
hollow  with  subterranean  movements  would  not  have  been  suspected 
hj  the  geologist,  had  not  the  evidence  of  great  convulsions  been 
ck«rij  exposed  in  the  escarpment  of  the  valley  of  the  Ouse,  and^kp 
Domeroaa  chalk-pits  worked  at  the  termination  of  the  CoomK  By 
the  aid  of  these  we  discover  that  the  ravine  coincides  precisely  with 
a  line  of  fault,  on  one  side  of  which  the  chalk  with  flints  (a,  fig.  362.) 


t.  Lomcbalk. 


sppean  at  the  anninut  of  the  hiU,  while  it  is  tlirown  down  to  the 
bottom  on  the  other. 
In  aedet  to  account  for  the  manner  in  which  the  five  groups  of 
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Strata,  2,  3,  4,  5,  6,  represented  in  the  map,  fig.  855.,  uid  in  tte 
section,  fig.  356.,  ma^  have  been  brought  into  tJieir  present  position, 
the  following  hypothesis  has  been  suggested:  —  Suppose  the  five 
formationa  to  lie  in  horizontal  stratification  at  the  bottom  of  the  sea; 
then  let  a  movement  from  below  press  them  upwards  into  the  form 
of  a  flattened  dome,  and  let  the  crown  of  this  dome  be  afterwards  cut 
off,  BO  that  the  incision  should  penetrate  to  the  lowest  of  the  five 
groups.  The  diflerent  beds  would  then  be  exposed  on  the  surface, 
in  the  manner  exhibited  in  the  map,  fig.  855." 

The  quantity  of  denudation,  or  removal  bj  water,  of  stratified 
masses  assumed  to  have  once  reached  continuously  from  the  North 
to  the  South  Downs  is  so  enormous,  that  the  reader  may  at  first  be 
startled  by  the  boldness  of  the  hypothesis.  But  the  difGcnIty  will 
disappear  when  once  sufficient  time  is  allowed  for  the  gradual  rising 
and  sinking  of  the  strata  at  many  successive  geological  periods, 
daring  which  the  waves  and  currents  of  the  ocean,  and  the  power  of 
rain,  rivers,  and  land-floods,  might  slowly  accomplish  operatious 
which  no  sudden  diluvial  rush  of  waters  could  possibly  efiecL 

Among  other  proofs  of  the  action  of  water,  it  may  be  stated  that 
the  great  longitudinal  valleys  follow  the  outcrop  of  the  softer  and 
more  incoherent  beds,  while  ridges  or  lines  of  cliff  usually  occur  at 
those  points  where  the  strata  are  composed  of  harder  stone.  Thus, 
for  example,  the  chalk  with  fiints,  together  with  the  subjacent  upper 
greensand,  which  ia  often  used  for  building,  under  the  provincial 
name  of  "  firestone,"  have  been  cut  into  a  steep  cliff  on  that  side  on 
which  the  sea  encroached.  This  escarpment  bounds  a  deep  valley, 
excavated  chiefly  out  of  the  soft  argillaceous  bed,  termed  gaiUt 
(Ko.  3.,  map,  p.  356.).  In  some  places  the  upper  greenaaad  ia  in  a 
loose  and  incoherent  state,  and  there  it  has  been  as  mnch  denuded  as 
the  gault ;  as,  for  example,  near  Beachy  Head ;  but  farther  to  the 
westward  it  is  of  great  tbickness,  and  contains  hard  beds  of  bine 
chert  and  calcareous  sandstone  or  firestone.  Here,  accordingly,  we 
find  that  it  produces  a  corresponding  influence  on  the  scenery  of  the 
country ;  for  it  runs  out  like  a  step  beyond  the  foot  of  the  chalk- 
hills,  and  constitutes  a  lower  terrace,  varying  in  breadth  from  a 
quarter  of  a  mile  to  three  miles,  and  following  the  mnuouties  of  the 
chalk-escarpment.  | 


*  See  iUtutratiaiu  of  thii  theory,  hj    Sonez,  tec,  GeoL  l^int,  Seemid  S 
Dr.  Fittoa,  OeoL  Sketch  of  Hasting  vol  iL  p.  96. 

t  ^  R.  MorchiMn,  QmL  Sketch  of 
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It  is  impossible  to  desire  a  more  eatisfactoiy  proof  that  the  escarp- 
ment ia  due  to  the  excavating  power  of  water  during  the  rise  of  the 
strata,  or  during  their  rising  and  sinking  at  successive  periods ;  for 
I  have  shown,  in  my  account  of  the  coast  of  Sicily  (p.  76.),  in  what 
manner  the  encroachments  of  the  sea  tend  to  efface  that  succession  of 
terraces  which  must  otherwise  result  from  the  intermittent  upheaval 
of  a  coast  preyed  upon  by  the  waves.  During  the  interval  between 
two  eleratory  movements,  the  lower  terrace  will  usually  be  destroyed, 
wherever  it  is  composed  of  incoherent  materials ;  whereas  the  sea 
will  not  have  time  entirely  to  sweep  away  another  part  of  the  same 
terrace,  or  lower  platformi,  which  happens  to  be  composed  of  rocks  of 
a  harder  texture^  and  capable  of  offering  a  firmer  resistance  to  the 
erosive'  action  of  water.  Ab  the  yielding  clay  termed  ganlt  would  be 
readily  washed  away,  we  find  its  outcrop  marked  everywhere  by  a 
ralley  which  skirts  the  base  of  the  chalk-hills,  and  which  is  usually 
bounded  on  the  opposite  side  by  the  lower  greensand ;  but  as  the 
upper  beds  of  this  last  formadon  are  most  commonly  loose  and  inco- 
herent, they  also  have  usually  disappeared  and  increased  the  breadth 
of  the  valley.  In  those  districts,  however,  where  cher^  limestone, 
and  other  solid  materials  enter  largely  into  the  composition  of  this 
formation  (Na  4.,  map,  p.  856.),  they  give  rise  to  a  range  of  hills 
parallel  to  the  chalk,  which  sometimes  rival  the  escarpment  of  the 
chalk  itself  in  height,  or  even  surpass  it,  as  in  Leith  Hill,  near 
Dorking.  This  ridge  often  presents  a  steep  escarpment  towards 
the  soft  argillsceoDs  deposit  called  the  Weald  clay  (as  above.  No.  5. } 
fig.  356.  p.  357.),  which  usually  forms  a  broad  valley,  separating 
the  lower  greensand  from  the  Hastings  ssiids  or  Forest  Ridge  j 
but  where  subordinate  beds  of  sandstone  of  a  firmer  texture  occur, 
the  uniformity  of  the  plain  of  No.  5.  is  broken  by  waving  irregu- 
larities and  hillocks, 

Pluria/  action.  —  In  considering,  however,  the  comparative  de- 
structibility  of  the  harder  and  softer  rocks,  we  must  not  underrate 
the  power  of  rain.  The  chalk-downs,  even  on  their  summits,  are 
usually  covered  with  unrounded  chalk-flints,  such  as  might  remain 
after  masses  of  white  chalk  hod  been  softened  and  removed  by  water. 
This  superficial  accumulation  of  the  hard  or  siliceous  materials  of 
disintegratad  strata  may  be  due  in  no  small  degree  to  pluvial  action ; 
for  during  extraordinary  rains  a  rush  of  water  charged  with  cal- 
careous matter,  of  a  milk-whito  colour,  may  be  seen  to  descend  even 
gently  sloping  hills  of  cbaUc  If  a  layer  no  thicker  than  the  tenth 
of  an  inch  be  removed  once  in  a  century,  a  considerable  mass  may 
in  the  course  of  indefinite  ages  melt  away,  leaving  nothing  save  a 
stratum  of  fiinty  nodules  to  attest  its  former  existence.  A  bed  of  fine 
clay  sometimes  covers  the  surface  of  slight  depressions  in  the  white 
chalk,  which  may  represent  the  aluminous  residue  of  the  rock,  after 
the  pure  carbonate  of  lime  has  been  dissolved  by  rtun-water,  charged 
with  excess  of  carbonic  acid  derived  from  decayed  v^;etable  matter. 
The  acidulous  waters  sometimes  descend  throngb  "  sand'pipea  "  and 
"  swallow-holes"  in  the  chalk,  so  that  the  surface  may  be  under* 
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mined,  and  cavities  maj  be  formod  or  enlai^ed,  even  bj  that  part  of 
the  drainage  which  is  subterranean.* 

Lwet  of  Fracture. — Mr.  Martin,  in  his  work  on  the  geology  of 
Western  Sussex,  published  in  1828,  threw  much  light  on  the  atmc' 
ture  of  the  Wealden  by  tracing  out  continuonsly  for  miles  the  direc- 
tion of  many  anticlinal  lines  and  cross  fractures ;  and  the  same 
course  of  investigation  has  since  been  followed  out  in  greater  detail 
by  Mr.  Hopkins.  The  geologist  and  mathematician  last-mentioiied 
has  shown  that  the  observed  direction  of  the  tines  of  flexure  and 
dislocation  in  the  Weald  district  coincide  with  those  which  might 
have  been  anticipated  theoretically  on  mechanical  principles,  if  we 
assume  certain  simple  conditions  under  which  the  strata  were  lifted 
up  by  an  expansive  subterranean  force-t 

His  opinion,  that  both  the  longitudinal  and  transverse  lines  of 
fracture  may  have  been  produced  simultaneously,  accords  well  with 
that  expressed  by  M.  Thurmann,  in  his  work  on  the  anticlinal  ridges 
and  valleys  of  elevation  of  the  Bernese  Jura.}  For  the  accuracy 
of  the  map  and  sections  of  the  Swiss  geologist  I  can  vouch,  from 
personal  examination,  in  1835,  of  part  of  the  region  surveyed  by  him. 
Among  other  results,  at  which  he  arrived,  it  appears  that  the 
breadth  of  tbe  anticlinal  ridges  and  dome-shaped  masses  in  the  Jnra 
is  invariably  great  in  proportion  to  the  number  of  the  formadoBs 
exposed  to  view ;  or,  in  other  words,  to  the  depth  to  which  the  super- 
imposed groups  of  secondary  strata  have  been  taidopen.  (Seeflg.71. 
p.  S5.  for  Btrncturfi  of  Jura.)  He  also  remarks,  that  the  anticlinal 
lines  are  occasionally  oblique  and  cross  each  other,  in  which  ease  tbe 
greatest  dislocation  of  the  beds  takes  place.  Some  of  the  cross  frac- 
tures are  imagined  by  him  to  have  been  contemporaneous  with  others 
subsequent  to  the  longitudinal  ones. 

I  have  assumed,  in  the  former  part  of  this  chapter,  that  the  rise  of 
the  Weald  was  gradual,  whereas  many  geologists  have  attributed  its 
elevation  to  t  single  effort  of  subterranean  violence.  There  appears 
to  them  such  a  unity  of  eSbct  in  this  and  other  lines  of  deranged 
strata  in  the  south-east  of  England,  such  as  that  of  the  Isle  of  Wight, 
as  is  inconsistent  with  the  supposition  of  a  great  number  of  separate 
movements  recurring  after  long  intervals  of  time.  But  we  know  that 
earthquakes  are  repeated  throughout  a  long  series  of  ages  in  the 
same  spots,  like  volcanic  eruptions.  The  oldest  lavas  of  Etna  were 
poured  out  many  thousands,  perhaps  myriads  of  years  before  the 
newest,  and  yet  they,  and  the  movements  accompanying  their  emission, 
have  produced  a  symmetrical  mountain  ;  and  if  rivers  of  melted 
matter  thus  continue  to  flow  upwards  in  the  same  direction,  and 
towards  the  same  point,  for  an  indefinite  lapse  of  ages,  what  ditG- 
culty  is  there  in  concetTing  that  the  subterranean  volcanie  force, 
occasioning  the  rise  or  fall  of  certain  parts  of  the  earth's  onist, 

*  See  abovo.  p.  sa,  83.  "  Sand-pipes  t  Q*^^  Soe.  Proceed.  N<x  74.  p.  S6S. 
[iiClulki''aiidFreelwieli,GeoLQuait.  1S41,  and  G.  S.Tniu.SMaiid&er.To).TiL 
Jonm.  ToL  X.  p.  jsa.  t  SouUvemeni  Jwuiiqaet.     1633. 
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may,  by  reiterated  moTements,  produce  the  most  perfect  unity  of 
result? 

At  what  periods  the  Weald  valley  was  denuded. — We  may  next 
iaqnire  tX  what  time  the  denudation  of  the  Weald  was  effected,  aad 
we  shall  find,  od  considering  all  the  facts  brought  to  light  by  recent 
inveatigation,  that  it  waa  accompliahed  in  the  course  of  so  long  a 
series  of  ages,  that  the  greatest  revolutions  in  the  physical  geography 
of  the  globe,  yet  known  to  us,  have  taken  place  within  the  same 
lapse  of  time.  It  has  now  been  ascertained,  that  part  of  the  denu- 
dation of  the  Weald  waa  completed  before  the  British  Eocene  strata, 
and  consequently  before  the  nummulitic  rocks  of  Europe  and  Asia 
were  formed.  The  date,  therefore,  of  part  of  the  changes  now  under 
contemplation  was  long  antecedent  to  the  existence  of  the  Alps, 
Pyreneea,  and  many  other  Enropean  and  Asiatic  mountain-chains, 
and  even  to  the  accumulatioa  of  large  portions  of  their  component 
materials  beneath  the  eea. 

M.  Elie  de  Beaumont  suggested,  in  1833,  that  there  was  an  island 
in  the  Eocene  sea  in  &e  area  now  occupied  by  the  French  and 
English  Wealden  strata,  and  he  gave  a  map  or  hypothetical  restora- 
tion of  the  ancient  geography  of  that  region  at  tJie  era  alluded  to.* 
Mr.  Frestwich  has  since  shown  that  the  materials  of  which  the 
lower  tertiary  beds  of  England  are  made  up,  and  their  nuuiner  of 
renting  on  the  chalk,  imply,  that  such  an  i^and,  or  several  islands 
and  shoals,  composed  of  Chalk,  Upper  Greensand,  Gault,  and  pro- 
bably of  some  of  the  Lower  Cretaceous  rocks,  did  exist  somewhere 
between  the  present  North  and  South  Downs.  The  undermined 
difis  and  shores  of  those  lands  supplied  the  flints,  which  the  action 
of  the  wavea  rounded  into  pebbles,  aach  as  now  form  the  Woolwich 
and  Blackheath  shingte-beds  below  the  London  Clay.  It  is  sup- 
posed,  that  the  land  referred  to  waa  drained  by  rivers  flowing  into 
the  Eocene  sea,  and  whence  the  brackish  and  freshwater  deposits  of 
Woolwich  and  other  contemporaneous  strata  t  were  derived.  The 
large  sice  of  some  of  the  rolled  flints  (eight  inches  and  upwards  in 
diameter)  of  the  Blackheath  ehingle  demonstrates  the  proximity  of 
land.  Such  heavy  maases  oonld  not  have  been  tranaported  from 
great  dietancea,  whether  they  owe  their  shape  to  waves  breaking  on 
a  sea-beach,  or  to  rivers  descending  a  steep  slope. 

In  the  annexed  diagram  (fig.  364.)  Mr.  Frestwich  has  represented 
a  section  from  near  ^ffron  Walden,  in  Essex,  to  the  Weald,  passing 
north  and  south  through  Godstone,  in  which  we  see  how  the  chalk, 
«,  had  been  diaturbed  and  denuded  before  the  lower  Eocene  beds,  b, 
were  deposited.  Some  small  patches  of  the  last-mentioned  bedi^  b', 
conaiating  of  clay  and  aand,  extend  occasionally,  as  in  this  instance, 
to  the  very  edge  of  the  escarpment  of  the  North  Downs,  proving  that 
the  surface  of  the  whit«  chalk,  now  covered  with  tertiary  strata,  is 
the  same  which  originally  constitnted  the  bottom  of  the  Eocene  aea. 

I  See  p.  asi.  above. 
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It  is  therefore  inferred,  that,  if  we  prolong  Bonthwards  the  upper 
&nd  under  surfaces  of  the  chalk,  along  the  dotted  line  in  the  above 
section,  they  would  eonrerge  at  the  point  x ;  therefore,  beyond  that 
point,  no  white  chalk  existed  at  the  tune  when  the  Eocene  beds,  (,  (', 
wore  formed.  In  other  words,  the  central  parts  of  the  Wealden, 
south  of  X,  were  already  bared  of  tlieir  original  covering  of  chalk, 
or  had  only  some  slight  patches  of  that  rock  scattered  over  them. 

The  island,  or  isluida,  in  the  Eocene  sea  may  be  represented  >a 
the  annexed  diagram  (fig.  365.) ;  but  doubtless  the  denudation  ex- 
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tended  farther  in  width  and  depth  before  the  close  of  the  Ekfcene 
period,  and  the  waves  may  have  cut  into  the  Ixiwer  Greensand,  and 
perhaps  in  some  places  into  the  Wealden  strata. 

According  to  this  view  the  mass  of  cretaceous  and  subcretaceous 
rocks,  planed  off  by  the  waves  and  currents  in  the  area  between 
the  North  and  South  Downs  before  the  origin  of  the  oldest  Eocene 
beds,  may  have  been  as  voluminous  as  the  mass  removed  hj  denu- 
dation since  the  commencement  of  the  Eocene  era. 

Bat  the  reader  may  ask,  why  is  it  necessary  to  assume  that  so 
much  white  chalk  first  extended  continuously  over  the  Wealden 
beds  in  this  part  of  England,  and  was  then  removed  ?  May  we  not 
euppoee  that  land  b^an  to  exist  between  the  North  and  South 
Downs  at  a  much  earlier  epoch  ;  and  that  the  upper  Wealden  beds 
rose  in  Ibe  midst  of  the  Cretaceous  Ocean,  so  as  to  check  the  accu- 
mulaljon  of  white  chalk,  and  limit  it  to  the  deeper  water  of  adjoining 
areas?  This  hypothens  has  often  been  advanced,  and  as  often 
nyected ;  ii>r,  hod  there  been  shoals  or  dry  land  so  near,  the  whil« 
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chalk  would  not  have  remained  unsoiled,  or  ^thoat  intermixture  of 
mud  and  Baud  ;  nor  would  organic  remains  of  terrestrial,  fluviatile,  or 
littoral  origin  hare  been  so  entirely  wanting  in  the  strata  of  the 
North  and  South  Downs,  where  the  chalk  tenninatea  abruptly  in 
the  escarpments.  It  is  admitted  that  the  fossils  now  found  there 
belong  exclusively  to  classes  which  inhabit  a  deep  sea.  Moreover, 
the  uppermost  beds  of  the  Wealden  group,  as  Mr.  Prestwich  has 
remarked,  would  not  have  been  so  strictly  conformable  with  the 
lowest  beds  of  the  Lower  Greensand  bad  the  strata  of  the  Wealden 
undergone  upheaval  before  the  deposition  of  the  incumbent  creta- 

But,  although  we  must  assume  that  the  whit«  chalk  was  once 
continuous  over  what  is  now  the  Weald,  it  by  no  means  follows  that 
the  first  denudation  was  subsequent  to  the  entire  Cretaceous  era.. 
Most  probably  it  commenced  before  a  large  portion  of  the  Maestricht 
beds  were  formed,  or  while  they  were  in  progress.  I  have  already 
stated  (p.  314,  above),  that  in  parts  of  Belgium  I  observed  rolled 
pebbles  of  chalk-flints  very  abundant  in  the  lowest  Maestricht  beds, 
whero  these  last  overlie  the  white  chalk,  showing  at  how  early  a 
date  the  chalk  was  upraised  from  deep  water  and  exposed  to  aqueous 
abrasion. 

Guided  by  the  amount  of  change  in  organic  life,  we  may  estimate 
die  interval  between  the  Maestricht  beds  and  the  Thauet  Sands  to 
have  been  nearly  equal  in  duration  to  the  time  which  elapsed 
between  the  deposition  of  those  same  Thanet  Sands  and  the  Glacial 
period.  If  so,  it  would  be  idle  to  expect  to  be  able  to  make  ideal 
restorations  of  the  innumerable  phases  in  physical  geography  through 
which  the  south-east  of  England  must  have  passed  since  the  Weald 
began  to  be  denuded.  In  less  than  half  the  same  lapse  of  time  tlie 
aspect  of  the  whole  European  area  has  been  moro  than  once  entirely 
changed.  Kevertheless,  it  may  be  useful  to  enumerate  some  of  the 
known  fluctuations  in  the  physical  conformation  of  the  Weald  and 
the  regions  immediately  adjacent  during  the  period  alluded  to. 

r^t,  we  have  to  carry  back  our  thoughts  to  those  very  remote 
movements  which  first  brought  up  the  white  chalk  from  a  deep  sea 
into  exposed  situations  where  the  waves  could  plane  ofi*  certun 
portions,  as  expressed  in  diagram,  fig.  364.,  before  the  British  Lower 
Eocene  beds  originated. 

Secondly,  we  have  to  take  into  account  the  gradual  wear  and 
tear  of  the  chalk  and  its  flints,  to  which  the  Thanet  sands  bear 
witness,  as  well  as  the  subsequent  Woolwich  and  Blackheath  shingle- 
beds,  occasionaDy  SO  feet  thick,  and  composed  of  rolled  flint-pebbles. 

Thirdly,  at  a  later  period  a  great  subsidence  took  place,  by  which 
the  shallow-water  and  fresh-water  beds  of  Woolwich  and  other 
Lower  Eocene  deposits  were  depressed  (see  above,  p.  294.)  so  as  to 
allow  the  London  Clay  and  Bagshot  series,  of  deep-sea  origin,  to 
accumulate  over  them.  The  amount  of  this  subsidence,  according 
to  Mr,  Prestwich,  exceeded  800  feet  in  the  London,  and  1800  feet 
in  iJie  Hampshire  or  Isle  of  Wight  basin  ;  and,  if  so,  the  interrening 
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area  of  the  Weald  could  sc&rceljr  fail  to  share  in  the  .movement,  and 
some  parts  at  least  of  the  island  before  spoken  of  (fig.  865.  p.  366.) 
would  become  submerged. 

Fourthly.  After  the  London  daj  and  the  OTerljing  Bagshot  sands 
had  been  deposited,  they  appear  to  hare  been  upraised  in  the  London 
basin,  during  the  Eocene  period,  and  their  conversion  into  land  in 
the  north  seems  to  have  preceded  the  upheaval  of  beds  of  correspond- 
ing age  in  the  south,  or  in  the  Hampshire  basin  ;  because  none  of 
the  fluvio-marine  Eocene  strata  of  Hordwell  and  the  Isle  of  Wight 
(described  in  Chap.  XVI.)  are  found  in  anj  part  of  the  London  area. 

Fifthly.  The  fossils  of  the  alternating  marine,  brackish,  and  fresh* 
water  beds  of  Hampshire,  of  Middle  and  Upper  Eocene  date,  bear 
testimony  to  rivers  draining  adjacent  lands,  and  to  the  existence  of 
numerous  quadrupeds  in  those  lands.  Instead  of  these  phenomena, 
the  signs  of  an  open  sea  might  naturally  have  been  expected,  as  a 
consequence  of  tfae  vast  subsidence  of  the  Middle  Eocene  beds  before 
mentioned,  had  not  some  local  upheaval  taken  place  at  the  same  time 
in  the  Isle  of  Wight,  or  in  regions  immediately  adjacent.  Whatever 
hypothesis  be  adopted,  we  are  entitled  to  assume  that  during  the 
Middle  and  Upper  Eocene  periods  there  were  risings  and  sinkings  of 
land,  and  changes  of  level  in  the  bed  of  the  sea  in  the  south-east  of 
England,  and  that  the  movements  were  by  no  means  nniform  over 
the  whole  area  during  these  periods.  The  extent  and  thickness  of 
the  missing  beds  in  tjie  Weald  should  of  itself  lead  us  to  look  for 
proofs  of  that  area  having,  by  repeated  oscillations,  changed  its  level 
frequently,  and,  oftener  than  any  adjoining  area,  been  turned  from 
sea  into  land  and  land  into  sea  ;  for  the  submergence  and  emergence 
of  land  augment,  beyond  any  other  cause,  the  wasting  and  removing 
power  of  water,  whether  of  the  waves  and  tides  or  of  rivers  and 
land  floods. 

Sixthly,  The  Lower  Miocene  strata  of  the  Isle  of  Wight  (or  the 
Hempstead  beds  before  described)  have  been  upraised  several 
hundred  feet  above  the  level  of  the  sea  in  which  they  were  origi- 
nally formed.  This  upward  movement  may  have  occurred,  in  great 
part  at  least,  during  the  Miocene  period,  when  a  large  part  of  Europe 
is  supposed  to  have  become  land,  as  before  suggested  (p.  240.).  Hence 
we  are  entitled  to  speculate  on  the  probability  of  revolutions  in  the 
physical  geography  of  the  adjoining  Weald  in  times  intermediate 
between  the  deposition  of  the  Hempstead  beds  and  the  origin  of  the 
Suffolk  crag. 

Seventhly.  We  have  already  seen  (p.  232.)  that  certain  ferru' 
ginons  sands  lie  in  patches  on  the  North  Downs,  some  of  them  from 
20  to  40  feet  in  thickness,  and  referable  by  their  fossils  to  the  same 
age  as  the  Diest  sands  of  Belgium.  They  are  probably  somewhat 
older  than  the  coralline  crag  of  SuSblk,  and,  as  before  explained, 
may  constitute  the  only  representative  in  the  British  Isles  of  the 
Upper  Miocene  or  Falunian  epoch.  It  is  clear,  from  the  relative 
position  of  the  sands  in  question  on  the  North  Downs  to  the  Lower 
Eocene  deposits  of  the  London  clay,  Woolwich  and  Thanet  series, 

i.,|.,  II,  L.OO^IC 


Ch.  iix.]  weald,  when  denuded.  869 

that,  before  the  waters  of  the  Upper  Miocene*  sea  spread  over  this 
r^ion  sonth  of  the  Thames,  all  those  Eocene  strata  had  beon  much 
wasted  and  often  redaced  to  mere  isolated  outliers  scattered  over  the 
chalk.  After  the  ferraginoos  sands  were  thrown  down  the  bed  of 
the  sea  mast  have  been  again  raised  500  or  600  feet,  in  order  that 
the  North  Downs  might  attain  their  present  elevation. 

We  learn  from  these  discoveries  how  impossible  it  may  often  be 
to  demonstrate  the  former  presence  of  the  sea  on  any  given  area  by 
organic  remains,  or  by  sea-beaches.  Long  and  diligent  inquiries  had 
been  made  before  the  year  18^  for  sea-shells  of  recent  or  crag 
species,  and  for  the  signs  of  old  sea-margins  within  the  ares  of  the 
North  and  Sonth  Downs  and  the  Wealden,  or  on  Nos.  2,  3,  4,  5,  6, 
aod  7.  of  the  map  (p.  356.)  ;  but  in  vain,  until  at  last  a  few  shells  and 
casts  of  others  prove  incontestibly  the  sojoarn  of  the  Older  Pliocene 
or  Upper  Miocene  sea  in  those  very  spaces.  We  must  now,  there- 
fore, admit  the  retreat  of  its  waters  to  have  been  an  event  as  modem 
as  the  Upper  Uiocene,  if  not  the  Pliocene  period.  It  follows  that 
in  many  cases  the  land  may  have  sunk  and  have  emerged  again 
without  retaining  on  its  surface  any  monnments  of  the  kind  nsualty 
demanded  as  indispensable  to  warrant  our  speculating  on  marine 
denudation  as  a  great  modifying  cause  in  the  physical  geography  of 
the  globe. 

Eighthly.  But  we  have  still  to  consider  another  vast  interval  of 
time — that  which  separated  the  end  of  the  Miocene  from  the  end  of 
the  Newer  Pliocene  era — a  lapse  of  ages  which,  if  measured  by  the 
fluctuations  experienced  in  the  marine  fauna,  may  have  sufBced  to 
snhmei^  and  re-elevate  whole  continents  by  a  process  as  slow  as 
that  which  is  now  operating  to  upraise  Sweden  and  depress  Green- 
land. 

Lastly.  The  reader  must  recall  to  mind  what  was  said,  in  Chap- 
ters  XI.  and  XIL  respecting  the  vast  geographical  changes  of  Post- 
pliocene  date,  especially  those  relating  to  the  glacial  drift  and  its 
far-transported  materials.  A  wide  extent  of  the  British  Isles  appears 
to  have  been  under  the  sea  during  some  part  or  other  of  that  epoch. 
Most  of  the  submerged  areas  were  afterwards  converted  into  dry 
land,  now  several  hundred  and  in  Wales  more  than  thirteen  hundred 
feet  high,  as  proved  by  marine  fossil  shells.  It  seems  highly  prO' 
bable  that  the  Wealden  area  was  dry  land  when  the  most  charac- 
teristic northern  drift  originated,  uo  traces  of  northern  erratics 
having  been  met  with  farther  south  than  Highgate,  near  London. 
But  it  by  no  means  follows  that  the  area  of  the  Weald  was  stationary 
daring  ail  these  ages.  It  may  have  been  raised  and  depressed,  and  its 
surface  may  have  been  modified  by  rain,  rivers,  and  floods  caused 
by  the  sudden  melting  of  deep  snow  again  and  again  during  the 
Glacial  era.* 

*  In  my  Geological  ETidences  of  ihe  pUee  in   Poit-plioceae  timei,  availing 

Antiqaitf  of  Man,  pp.  376.  37S.,  I  hsTe  mjte]t  of  Ibe   maps  and   tasmoin   of 

pren  mapi  illoUraiing  tha  changes  in  Mr.  Trimmer,  Mr.  Qodvin-diuten,  aod 

pl^Meal  geognpbj  which  hare  taken  oihen. 
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It  was  long  ago  observed  by  Dr.  Mutell  that  no  vestige  of  the       ! 
chalk  andits  flints  has  been  seen  on  tbe  central  ridge  of  the  Weald  or 
on  the  Hastings  Sands,  but  merely  gravel  and  loam  derived  from  tLe 
rocks  in  ntit  in  the  neighbourhood.    This  dtstribntioa  of  alluviam, 
especially  the  absence  of  chalk-flints  in  the  central  district,  agrees 
well  with  the  theory  of  denudation  before  set  forth  ;  for  by  r^rring 
to  fig.  356.  (p.  357.),  the  reader  will  see  that  had  the  chalk  (No.  2.)       ' 
been  once  continuous,  and  covered  everywhere  with  flint^^vel, 
this  gravel  would  be  the    first   to  be  carried    away  {torn  the 
higbest  part  of  the  dome  long  before  any  of  the  gault  (No.  3.) 
was  laid  bare.    Now,  if  some  rnins  of  the  chalk  remain  at  fint       i 
on   the  ganlt,    these  would  be,  in  a  great  degree,  cleared  away 
before  any  part  of  the  lower  greenBand,(No.  4.)  is  denuded.    Tboe       | 
in  proportion  to  the  number  and  thickness  of  the  groups  removed 
in  succession,  is  the  probability  lessened  of  onr  finding  any  remnants       j 
of  the  highest  groups  strewed  over  the  bared  sorface  of  Uie  lowest. 

But  it  is  objected,  that,  had  the  sea  at  one  or  several  periods  been 
the  agent  of  denadation,  we  should  have  found  ancient  sea-beaches       I 
at  the  foot  of  the  escarpments,  and  other  signs  of  oceanic  erosion.      | 
As  a  general  rule,  the  wreck  of  the  white  chalk  and  its  flints  can 
only  be  traced  to  slight  distances  from  the  escarpments  of  the  North 
and  South  Downs.     Even  where  exceptionB  occur,   and  where 
flints  are  seen  two  or  three  miles  fVom  the  nearest  chalk,  they  are 
BO  angular  as  to  be  regarded  by  many  as  indicating  fiuviatile  radier 
tlian  marine  denudation.    WitJiout  wishing  to  gunsay  the  doctrine 
that  many  of  the  last  superficial  changes  of  die  Weald  may  have 
been  due  to  rain  and  rivers,  combined  with  successive  upheaval  and 
depression  of  land,  I  may,  nevertheless,  remind  the  reader  that,  in 
the  absence  of  oi^anic  remwus,  it  is  often  impossible  to  dtatiDgnish 
between  gravel  formed  in  the  bed  of  a  river  and  that  which  accumu- 
lates on  a  sea-beach.    For  if  we  examine  the  broken  fliots  at  the 
base  of  a  cliff,  in  places  where  they  are  not  peculiarly  exposed 
to  the  continuous  and  violent  action  of  the  waves,  we  may  observe 
that  they  retain  much  angularity.     This  may  be  seen  between  the 
Old  Harry  rocks  in  Dorsetshire  and  Christchurch  in  Hampshire. 
Throughout  the  greater  part  of  that  line  of  coast  the  cli£b  are  com- 
posed of  tertiary  strata,  capped  by  a  dense  covering   of  gravel 
formed  of  flints  slightly  abraded.     As  the  waste  of  the    cliffs  is 
rapid,  the  old  materials  are  gradually  changed  for  new  ones  on  the 
beach  ;  nevertheless  we  have  here  an  example  of  angles  being  re- 
tained after  two  periods  of  attrition  ;  first,  that  daring   which  the 
gravel  was  spread  originally  over  the  £ocene  deposits ;  and  aecondly, 
when  the  Eocene  sands  and  clays  were  undermined  and  the  modem 
cliff'  and  sea-beach  formed.     As  to  the  angularity  of  the  flints,  it 
has  been  thought  by  some  authorities  to  imply  great  violence  in  the 
removing   power,    especially   in    those   cases   where    well-roanded 
pebbled  washed  out  of  E^ene  strata  are  likewise  found  broken, 
sometimes  with  sharp  edges,  and  often  with  irregular  pieces  chipped 
out  of  them  as  if  by  a  smart  blow.     Such  fraotored  pebbles  occnt 
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nol  aafreqne&tlj  in  the  drift  of  the  Ytlley  of  the  Thunes.  lo  ex- 
pluiation  I  mvf  remark  th&t,  in  the  Blackheath  and  other  Eocene 
shingle-beds,  hard  egg-shaped  fiint-pebbles  maj  be  found  in  ench  a 
state  of  decomposition  u  to  bresk  in  the  same  manner  on  the  appli- 
cation of  a  moderate  blow,  such  as  atones  might  encounter  iu  the 
bed  of  a  swollen  river  or  on  a  sea-coast. 

Angnlar  flint-breccia  is  not  confined  to  the  Weald,  nor  to  the 
transverse  gorges  iu  the  chalk,  but  extends  along  the  neighbouring 
<Mait  from  Brighton  to  Bottiogdean,  where  it  was  called  by 
Dr.  Mant^  "  the  elephant-bed,"  because  the  bones  of  the  mammoth, 
£•  primigeniut,  abound  in  it  with  those  of  the  horse  and,  more 
ruelf ,  the  rhinoceros,  B.  tichorhinui.  The  following  is  a  section  of 
this  formation  as  it  appears  in  the  Brighton  cliff.* 


A  lQ*n  of  flint  dtpplnf  ilMUXj  ta  tba  HHith. 

laeli.eaulMtBf  arlDauiid.rrDiii  «•  IDlouirHt  tlilck.conr«d1nih 
bM  lUck  of  piMilH  of  dulk-Itail,  crulta,  nd  otbu  mcki,  with  bi 
uriiifl  ipiiIm,  Hid  bmH  vf  ntuUp 

bed,  mbaU  &]  f«t(libck,coiul>UD(  at  it-jm  of -hlla  <d]>lk  nibblti,  wllb 
tainoMconAiMdIrMntUrdihui  \i  npraaiud  In  ifali  drmirliig.  In 


To  explain  this  section  we  must  suppose  that,  after  the  excava- 
tion of  the  cliff  A,  the  beach  of  sand  and  shingle  b  was  formed  by 
the  loDg-Continned  action  of  the  sea.  The  presence  of  Littorina 
littorea  »nd  other  recent  littoral  shells  determines  the  modern  date 
of  the  accumulation.  The  overlying  beds  are  composed  of  such 
calcareoue  rubble  and  flints,  rudely  stratified,  as  are  often  con- 
■picaons  in  parts  of  the  Norfolk  coast,  where  they  are  associated 
with  glacial  drift,  and  were  probably  of  contemporaneous  origin. 
Similar  flints  and  chalk-rubble  have  been  recently  traced  by  Sir 
Boderick  Murchison  to  Folkestone  and  along  tiie  face  of  the 
cJifis  at  Dover,  where  the  teeth  of  the  fossil  elephant  have  been 
detected. 
Mr.  Freatwicb  also  has  shown  that  at  Sangatte,  near  Calais,  on 
•   See  also  Sir  B.  Hnrcbison,  OeoL  Qnart.  Jonrn.,  vol.  Til  p.  365. 
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the  cout  exactly  opposite  Dover,  a  similar  watenrorn  l>each,  wirh 
an  iDcumbeat  mast  of  kngular  flint-breecia,  is  viiiUe.  I  have  my- 
self visited  thb  spot,  and  found  the  deposit  strictly  aaalogons  to 
that  of  Brighton.  The  fundamental  ancient  beach  has  been  up- 
lifted more  than  ten  feet  above  its  origioal  level.  The  flint-pebbles 
in  it  have  evidently  been  rounded  at  the  base  of  an  ancient  cbalk- 
cli^  the  coarse  of  which  can  still  be  traced  inland,  nearly  parallel 
with  the  present  shore,  but  with  a  space  intervening  between  them 
of  about  one-third  of  a  mile  in  its  greatest  breadth. 

Of  a  somewhat  older  date  than  the  Brighton  beach  are  some  lai^e 
erratic  Mocks,  the  greatest  number  of  which  are  seen  at  Fagham 
and  Selaea,  fifteen  miles  south  of  Chichester,  consisting  of  granite 
and  many  other  rocks  which  are  not  of  northern  -.origin,  but  which 
seem  to  have  been  drifted  into  their  present  site  by  coast-ice  from 
Normandy  and  Brittany.  They  overlie  a  Post-pliocene  deposit  of 
marine  origin.  Like  the  Brighton  beach,  they  help  to  prove  that 
during  the  Glacial  period  a  sea-coast  bounded  the  elevated  ^tfict 
of  the  Weald  to  the  south  of  the  present  South  Downs. 

Professor  Ramsay*,  and  some  other  able  geologists,  who  fidly 
admit  that  the  detiudatioa  of  the  Wealden  area  and  that  of  the 
North  and  iSonth  Downs  was  nuunly  effected  by  the  agency  of  the 
sea,  incline,  nevertheless,  to  the  (pinion  that  Ae  great  escarpments 
of  the  chalk  may  have  been  due  to  pluvial  and  fluviatile  erosion, 
the  sea,  when  it  last  retired,  having  left  the  secondary  strata  planed 
off  at  one  and  the  same  level.  But  this  hypothesis  seems  to  me  un- 
teniAle,  because,  aBsmuing  that  the  last  of  the  submarine  areas  due 
to  denudatitm  had  an  even  and  level  surface  before  it  emerged,  I 
caanot  im^ne  that  great  superfioial  inequalities  would  not  have 
been  produced  by  the  waves  and  tides  of  the  sea  during  the  itine 
when 'the  chalk,  ganlt,  greensand,  and  other  Cormatioss,  «ome  com- 
posed.of  buder  and  some  of  softer  materials,  were  raised  gradually 
abvve  the  waters.  The  scooping  out  of  the  great  longitudinal 
valleys  most  have  eommenced  during  such  upheaval ;  and  as  to 
theiransverse-valleys,  if  it  be  true,  as  Mr.  Jukes  has  suggested,  that 
they  .originated  at  a  very  remote  era  by  fiuviatile  erosion,  when 
tbe<lhalk  extended  farther  towards  the  central  axis  of  the  Wealden 
than  now,  still  the  subsequent  deepening  of  these  valleys  must  have 
been  due  in  part  to  tidal  action.  As  to  the  power  of  mere  atmospheric 
causes,  we  have  only  to  endow  them  with  a  small  portion  of  the  force 
ascribed  to  them  by  the  geologists  in  question,  and  we  can  have  no 
difficulty  in  explaining  how  &)■ , traces  of  the  sea  in  the  shape  of 
littoral  shells  or  hoMb  deposits  sliould  have  disappeared.  Sheila, 
once  strewed  over  ancient  shores,  fnay  have  decomposed  so  as  to 
make  it  impossible  for  us  to  assign  an  e^act  palaaontological  date 
to  the  period  of  emergence  j  but   th«  leading  inequalities  of  hill 
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and  dale,  the  long  lines  of  escarpment,  the  longitudin&l  and  trans- 
Terse  valleTB,  ma^  stiU  be  mainly  due  to  the  power  of  the  waves 
and  currents  of  the  sea. 

In  despair  of  solving  the  problem  of  the  present  geographical 
configuration  and  geological  structure  of  the  Weald  1>3'  an  appeal 
to  ordinarj  causation,  some  geologists  have  been  fain  to  invoke 
the  aid  of  imaginary  "  rudies  of  salt  water "  over  the  land  during 
the  sudden  upthrow  <^  the  bed  of  the  sea,  when  the  antietinal  axis 
of  the  Weald  was  formed.  Others  refer  to  vast  bodies  of  fresh 
water  breaking  for^  from  subterranean  reservoirs,  when  tbe  rocks 
were  riven  hj  eartJiquake  shocks  of  intense  violence.  The  single- 
ness of  the  canse  and  the  unitj  of  the  result  are  emphatically 
insisted  upon  :  tbe  catastrophe  was  abrupt,  tumultuous,  transient, 
and  paroxysmal ;  fragments  of  stone  were  swept  along  to  great 
distances  without  time  being  allowed  for  attrition  ;  allnvinm  was 
thrown  down  unstratlfied,  and  ofleu  in  strange  situations,  on  the 
flanks  or  on  the  summits  of  bills,  while  the  lowest  levels  were  left 
bare.  The  convulsion  was  felt  simultaneously  over  so  wide  an 
area,,  that  alt  the  individuals  of  certain  species  of  quadrupeds  were 
at  once  annihilated ;  yet  the  event  was  comparatively  modern,  for 
the  species  of  testaceanow  living  were  already  in  existence. 

Thb  hypothesis  is  untenable  and  unnecessary.  In  the  present 
chapter  I  have  endeavoured  to  show  how  numerous  have  been  the 
periods  of  geographical  change,  and  bow  vast  their  duration. 
Evidence  to  this  effect  is  afforded  by  ^e  relative  position  of  the 
chalk  and  overlying  tertiary  deposits  ;  by  the  nature,  character,  and 
position  of  the  tertiary  strata  ;  and  by  the  overlying  alluvia  of  the 
Weald  and  adjacent  countries.  As  to  the  superficial  detritus,  ita 
insignificance  in  volume,  when  compared  to  the  missing  rocks, 
should  never  be  lost  sight  of.  A  mountain-mass  of  solid  matter, 
hundreds  of  square  miles  in  extent,  and  hundreds  of  yards  in  thick- 
ness, has  been  carried  away  bodily.  To  what  distance  it  baa  been 
transported  we  know  not,  but  certainly  beyond  the  limits  of  the 
Weald.  For  aclueving  such  a  task,  if  we  are  to  judge  by  analogy, 
all  truisient  and  sudden  agency  is  hopelessly  inadequate.  There  is 
one  power  alone  which  is  competent  to  the  task,  namely,  the  me- 
chanical &rce  of  water  in  motion,  operating  gradually  and  Sot  ages. 
We  have  seen  in  the  sixth  chapter  that  every  stratified  portion  of 
the  earth's  crnst  is  a  monument  of  denudation  on  a  grand  scale, 
always  effected  slowly ;  for  each  superimposed  stratum,  however 
thin,  has  been  sneoessively  and  separately  elaborated.  Every 
attempt,  therefore,  to  circumHcribe  the  time  in  which  any  great 
amount  of  denudation,  ancient  or  modern,  has  been  accomplished, 
draws  with  it  the  gratuitous  rejection  of  the  only  kind  of  machinery 
known  to  us  which  possesses  the  adequate  power. 

If,  then,  at  every  epoch,  fVom  the  most  ancient  to  the  Pliocene  in- 
clusive, voluminous  masses  of  matter,  such  as  are  missing  in  the 
Weald,  have  been  transferred  from  place  to  place,  and  always  re- 
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moved  gradaoll^,  it  seems  extravagaiit  to  imagine  an  exception  in 
tlie  very  region  wliere  we  can  prove  the  first  and  lut  acts  of 
denudation  to  have  been  separated  by  so  vast  an  interval  of  time. 
Here,  might  we  say,  if  anywhere  within  the  range  of  geological 
inquiry,  we  have  time  enough,  and  without  stint,  at  onr  cooiinaod. 
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CHAPTER  XX. 

JCKA8BIC   OBOnP. FURBKCE   BEDS   AMD  OOLITE. 

Tbs  Pnrbeck  bcdi  k  mamber  of  the  Jnraiiie  group — SubdivUioD*  of  that  gronp — 
Fhjsiol  geograpbj  of  the  OoliM  ia  Englaod  anrl  Frmnce — Cpper  Oollle — 
Porbeck  bedi — N«w  g«nera  of  tbHil  mamiaaliA  in  the  Middle  Forbeek  of 
Domtihire — Din-bed  or  ancieDt  loil — Fonili  of  ths  Pnibeck  bedi — Fortlind 
MODS  aod  fOMilt— Lllbogniphic  Kone  of  Solenhofen — ArduBopteiyz — Middle 
Oolite — ComI  rag— ZoophyUi — NerioKan  linettoQe — Dleerai  limeMone— Ox- 
ford elaj,  Ammouitai  and  Belemnitai — Kellovaj  Bock — Lower  Oolite,  Crl- 
uoideana — Great  Oolite  and  Bradford  da; — S(one«fleld  ilate — Foull  mammalia 
— Beeemblance  to  ao  Australian  fauna — Northamptonihire  ilalM — Totkihire 
Oolitic  coal-fleld — Brora  coal — Fnller'i  earth — Inferior  Oolite  and  foMiU— PalK- 
oatdogical  relatioaa  of  the  Mveial  iDbdidaiinii  of  the  Oolitic  ptiup. 

ImEDiATKLT  below^  the  Hastings  Sands  (the  inferior  memher  of  the 
Wealden,  u  defined  in  the  eighteenth  chapter),  we  find  in  Dorsetshire, 
another  remarkable  freshwater  formation,  called  tAe  Purbeek,he- 
caase  it  was  first  studied  in  the  sea-cliffs  of  the  peninsula  of  Fnr- 
beck  in  Dorsetabire.  These  beds  were  formerly  grouped  with  the 
Wealden,  but  some  organic  remains  recently  discovered  in  certain 
intercalated  marine  beds  show  that  the  Furbeck  series  has  a  close 
afflni^  to  the  Oolitic  group,  of  which  it  may  be  ccmsidered  as  the 
newest  or  uppermost  member. 

In  England  generally,  and  in  the  greater  part  of  Europe,  both 
the  Wealden  and  Furbeck  beds  are  wanting,  and  the  marine 
cretaceous  group  is  followed  immediately,  in  the  descending  order, 
by  another  series  called  the  Jurassic.  In  this  term,  the  formations 
commonly  designated  as  "the  Oolite  and  Lias"  are  included,  both 
being  found  in  the  Jara  Mountains.  The  Oolite  was  so  named  be- 
cause in  the  countries  where  it  was  first  examined,  the  limestones 
belonging  to  it  bad  an  oolitic  structure  (see  p.  12.).  These  rocks 
oacnpy  in  England  a  zone  which  is  nearly  thir^  miles  in  arerage 
breadth,  and  extends  across  the  island,  from  Yorkshire  in  the  north- 
east, to  Dorsetshire  in  the  south-west.  Their  mineral  characters 
ore  not  uniform  throughout  this  r^ion  j  but  the  following  are  the 
names  of  the  principal  subdivisions  observed  in  the  central  and 
sottth-eastem  parts  (HT  England. 


fa.  Fnrbeckbedf. 
Upper  1  b.  l^inland  none  and  land. 
[  c.  Klmmeiidge  day. 
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»^..,     fd,  ConJ  rag. 

*"*'"■  \t.  Oxford  clay,  Md  Kellow. J  rock. 

(/  Cornbriuh  >nd  Foreit  mirble. 
0.  Great  Oolite  and  Stoneifleld  slate. 
A.  Fulier'a  eanh, 
T.  Inferior  Oolite. 
The  Liai  then  Bacceedi  to  the  Inferior  Oolite. 

The  Upper  Oolitic  system  of  the  &boTe  table  ha«  nsuallj  the 
Kimmeridge  clay  for  its  base  ;  the  Middle  oolitic  system,  the  Oxford 
cUy.  The  Lower  system  reposes  on  the  Lias,  aa  Brgillo-calcareous 
formation,  which  some  include  in  the  Lower  Oolite,  but  which  will 
be  treated  of  separately  in  the  next  chapter.  Many  of  these  sub- 
divisions are  distinguished  by  peculiar  organic  remains ;  and, 
thoagh  varying  in  thickaesa,  may  be  traced  in  certain  directions 
for  great  distances,  especially  if  we  compare  the  part  of  England 
to  which  the  above-men tiooed  type  refers  with  the  north-east  of 
France  and  the  Jura  Mouotains  adjoining.  In  that  country,  distant 
above  400  geographical  miles,  the  analogy  to  the  accepted  English 
type,  notwithstanding  the  thinness  or  occasional  absence  of  the 
clays,  is  more  perfect  than  in  Yorkshire  or  Normandy. 

Physical  geography. — The  alternation,  on  a  grand  scale,  of  dis- 
tinct formations  of  clay  and  limestone  has  caused  the  oolitic  and 
Uassic  series  to  give  rise  to  some  marked  features  in  the  physical 
outline  of  parts  of  England  and  France.  Wide  valleys  can  nsnally 
be  traced  throughout  the  long  bands  of  country  w)iere  the  argilla- 
ceous strata  crop  out ;  and  between  these  valleys  the  limestones  are 
observed,  composing  ranges  of  hills  or  more  elevated  grounds. 
These  ranges  terminate  abruptly  on  the  side  on  which  the  several 
clays  rise  up  from  beneath  the  calcareous  strata. 

The  annexed  cut  will  give  the  reader  on  idea  of  the  configuration 
of  the  surface  now  alluded  to,  such  as  may  be  seen  in  passing  from 
Liondon  to  Cheltenhiim,  or  in  other  parallel  lines,  from  east  to  west, 
in  the  loutiiem  part  of  England.     It  has  been  necessary,  however, 


in  this  drawing,  greatly  to  exaggerate  the  Inclination  of  the  beds, 
and  the  height  of  the  several  formations,  as  compared  to  their 
horizontal  extent.  It  will  be  remarked,  that  the  lines  of  cliff,  or 
escarpment,  face  towards  the  west  in  the  great  calcareous  eminences 
formed  by  the  Chalk  and  the  Upper,  Middle,  and  Lower  Oolites ; 
and  at  tJie  base  of  which  we  have  respectively  the  Gault,  Kim- 
meridge clay,  Oxford  clay,  and  Lias.  This  last  forms,  generally,  a 
broad  vale  at  the  foot  of  the  escarpment  of  inferior  oolite,  but  where 
it  acquires  considerable  thickness,  and  contains  solid  beds  of  marl- 
stone,  it  occupies  the  lower  part  of  the  escarpment. 

„,,,„,  i..oo8k- 
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The  extem&l  outline  of  the  country  which  the  geologist  observes 
it)  traTGlliDg  eastward  from  Paris  to  Metx,  is  preciseljr  analogous, 
and  is  caused  b^  a  similar  succession  of  rocks  iuterremng  between 
the  tertiary  strata  and  the  Lias  ;  with  this  difference,  however,  that 
the  escarpments  of  Chalk,  Upper,  Middle,  and  Lower  Oolites  face 
towards  the  east  instead  of  the  west. 

The  Chatk  crops  out  from  beneath  the  tertiary  sands  and  clajs  of 
the  Paris  basin,  near  Epernay,  and  the  Gault  from  beneath  the 
Chalk  and  Upper  Greensand  at  Clermont- en- Argonne  ;  and  passing 
from  this  place  by  Verdun  and  Etain  to  Metz,  wo  find  two  limestone 
ranges,  with  interrening  vales  of  clay,  precisely  resembling  those  of 
southern  and  central  England,  until  we  reach  the  great  plain  of 
Lias  at  the  base  of  the  Inferior  Oolite  at  Metz. 

It  ie  evident,  therefore,  that  the  denuding  causes  have  acted  simi- 
larly over  an  area  several  hundred  miles  in  diameter,  sweeping  away 
the  softer  clays  more  extensively  than  the  limestones,  and  under- 
mining these  last  so  as  to  cause  them  to  form  steep  cliffs  wherever 
the  harder  calcareous  rock  was  based  upon  a  more  yielding  and  de- 
strocUble  clay. 

CPFSB  OOLITE. 

Purbeck  beds  {a.  Tab.,  p.  375.). — These  strata,  which  we  class  as 
the  uppermost  member  of  the  Oolite,  are  of  limited  geographical 
extent  in.  Europe,  as  already  stated,  but  they  acquire  importance 
when  we  consider  the  succession  of  three  distinct  sets  of  fossil 
remains  which  they  contain.  Such  repeated  changes  in  organic  life 
must  have  reference  to  the  history  of  a  vast  lapse  of  ages.  The 
Farbeck  beds  are  finely  exposed  to  view  in  Durdleatone  Bay,  near 
Swanage,  Dorsetshire,  and  at  Lulworth  Cove  and  the  neighbonring 
bays  between  Weymouth  and  Swan^e.  At  Meup's  Bay,  in  parti- 
cular, Professor  E.  Forbes  examined  minutely,  in  18S0,  the  organic 
remains  of  this  group,  displayed  ia  a  continuous  sea-cliff  section ; 
and  he  added  largely  t«  the  information  previously  supplied  in  the 
works  of  Messrs,  Webster,  Fitton,  De  la  Beche,  Buckland,  and 
Mantell.  It  appears  from  these  researches  that  the  Upper,  Middle, 
and  Lower  Purbecka  are  each  marked  by  peculiar  species  of  organic 
remains,  these  again  being  different,  so  far  as  a  comparison  has  yet 
been  instituted,  from  the  fossils  of  the  overlying  Hastings  Sands  and 
Weald  Clay.* 

Upper  Purbeek. — The  highest  of  the  three  divisions  is  purely 
freshwater,  the  strata,  about  50  feet  in  thickness,  containing  sheila 
of  the  genera  Paludina,  I^yta,  Limnaa,  Planorbia,  Vahata,  Cy- 
ela»,  and  Unio,  with  Cffpridet  and  fish.  All  the  species  seem  pecD- 
liar,  and  amoi^  these  the  Cyprides  are  very  abundant  and  charac- 
teristic.    (See  figs.  368.  a,  b,  e.) 

The  stone  called   "Purbeck  Marble,"   formerly  much  used  iu 

•  -  On  the  Domuliire  Purbcckt,"  bf  Frof.  £.  FotImi,  Brit.  Assoc  Sdinb.,  18«). 
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ornamentftl  nrcliitecture  in  the  old  Euglieh  cathedrals  of  the  aouthern 
countiee,  is  exclusively  procured  from  this  diviBion. 

Middle  Purbeck. — Next  in  HucceBgios  is  the  Middle  FurbecV, 
about  30  feet  thick,  the  uppermost  part  of  which  consists  of  freeh- 
water  limestone,  with  cjpridee,  turtles,  and  fish,  of  different  species 
from  those  in  the  preceding  strata.  Below  the  limestone  are 
brackish- water  beds  full  of  Cyrena,  and  traversed  b^  bauds  abound- 
ing in  Corbula  and  Melania.  These  are  based  on  a  purely  marins 
deposit,  with  Peeten,  Modiola,  Avicula,  Tkracia,  all  nadescribed 
shells.  Below  this,  again,  come  limestones  and  shales,  partly  of 
brackish  and  partly  of  freshwater  origin,  in  which  many  fish, 
especially  species  of  Lepidotut  and  Mierodon  radiatu*.  are  found, 
and  a  crocodilian  reptile  named  MacrorhyncM.  Among  the  moUosks, 
a  remarkable  ribbed  Mtlania,  of  the  section  Chiiina,  occurs. 

Immediately  below  is  the  great  and  conspicuous  stratum,  12  feet 


HimlcUarti  PurkctnCi.  E,  FottM. 
Middle  Purbeet. 

thick,  long  familiar  to  geologists  under  the  local  name  of  "  Cinder- 
bed,"  formed  of  a  vast  accumulation  of  shells  of  Oatrea  duforta. 


t.  Catrtt  yr— t— .  S». 
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(fif.  369.).  In  the  uppermost  part  of  this  bed  Professor  Forbes 
diKOTered  tbe  first  ecbiooderm  (fig.  370.)  u  jet  knovn  in  the  Pnr- 
btck  series,  »  species  of  Hemieidarii,  &  gentu  characteristic  of  the 
Oolitic  period,  and  scarceljr,  if  at  all,  distingnishable  from  a  pre- 
noadjr  known  Oolitic  species.  It  was  accompanied  \>j  a  species  of 
Ptna.  Below  the  Cinder-bed  fVesbwater  strata  are  again  seen, 
ilted  in  manj  places  with  species  of  Cyprii  (flg.  371.  a,  b,  c),  and 
viib  Valvata,  Paludina,  Ptanorbit,  Limnaa,  Phyta  (fig.  372.),  and 
QhIoi,  all  different  from  any  occarring  higher  in  the  series.  It 
will  be  seen  that  Cypri*  foMnieulata  (fig.  371. 
i.)  hu  tnberclea  at  the  end  onlj  of  each 
nJve,  a  character  by  which  it  can  be  imme- 
diilely  recogniEcd.  In  fact,  these  minute 
cmstsceans,  almost  as  frequent  in  some  of  the 
•tules  ts  plates  of  mica  in  a  micaceona  saud- 
itone,  enable  geologists  at  once  to  identiff  the 
Middle  Pnrbeck  in  places  far  from  the  Dorset-  p^„  Bntam.  b.  Forbw. 
Aire  cliffs,  as,  for  example,  in  the  Vale  of  Btddta  Piirbict 
ffardour,  in  Wiltshire.  ITiick  siliceous  beds  of  chert  occur  in  the 
Uiddle  Pnrbeck  filled  with  molluaca  and  cyprides  of  the  genera 
^rndj  enumerated,  in  a  beantifal  state  of  preserration,  often  con- 
verted  into  chalcedony.  Among  these  Professor  Forbes  met  with 
Sjrogonites  (the  spore-vesaels  of  Chora),  plants  never  nntil  1851 
•liMovered  in  rocks  older  than  Eocene. 

Foita  Mammalia  of  the  Middle  Purbeek.—ln  tbe  fourth  edition  of 
t^iswork  (1852),  after  alluding  to  the  discovery  of  numerous  insects 
ud  air-breathing  mollusca  in  the  "Parheck,"  I  remarked  that^ 
Uthough  no  mammalia  had  then  been  found,  "  it  was  too  eoon  to  infer 
their  non-existence  on  mere  negatire  evidence."  Only  two  years 
*fter  this  remark  was  in  print,  Mr.  W.  R.  Brodie  found  in  the 
Middle  Pnrbeck,  abont  twenty  feet  below  the  "  Cinder  "  above  alluded 
'O)  in  Dnrdlestone  Bay,  portions  of  several  small  jaws  with  teeth, 
*Uch  Professor  Owen,  after  clearing  away  the  matrix,  recognised 
U  belonging  to  a  small  mammifer  of  the  insectivorous  class.  The 
teeth  with  pointed  cnspa  resemble  in  some  degree  those  of  the  Cape 
^<M  (CArytochlara  aurea)  ;  but  the  number  of  the  molar  teeth  (at 
least  ten  in  each  ramus  of  the  lower  jaw)  accords  better  with  soma 
of  tbe  extinct  mammalia  of  the  Stonesfleld  Oolite  (see  below,  p.  402.). 
This  newly-found  quadruped,  therefore,  seems  to  have  been  more 
ciosdy  allied  in  its  dentition  to  the  Amphitherium  (or  Thylitcothe- 
™"a)  than  to  any  existing  Insectivorous  type.  The  angular  pro- 
^M  of  the  jaw,  as  in  Antphidieriwn,  is  not  bent  inwards,  an 
o<teological  peculiarity  confined  to  the  marsupial  tribes,  and  Pro- 
feiwr  Owen  therefore  at  first  referred  the  SpaUuolherium  to  the 
piacental  or  ordinary  monodelphons  maramiUia. 

Four  years  later  (in  1856)  the  remuns  of  twelve  or  more  species 
of  warm-blooded  quadrupeds  were  exhnmed  by  Mr.  S.  H.  Becktes, 
F.E.S.,  from  the  some  thin  bed  of  marl  near  the  base  of  the  Middle 
Parbeck.     In  this  marly  stntum  many  reptiles,  several  insects,  and 
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gome  freshwater  shells  of  the  genera  Paludtna,  Hanorbit,  and 
Cyelat  were  found. 

Mr.  Beckles  had  determined  thoroughly  to  explore  the  thin  layer 
of  calcareous  toad  from  which  in  the  suburba  of  Swaaage  the  bcmea 
of  the  Spalacotheriam  had  already  been  obtained,  and  in  three  weeks 
he  brought  to  light  from  an  area  fortj  feet  long  and  tea  wid^  and 
from  a  layer  the  average  thickness  of  which  waa  only  five  tncbes, 
portions  of  the  skeletons  of  six  new  species  of  mammalia,  as  inter- 
preted by  Dr.  Fal<^ner,  who  first  examined  them.  Before  the 
beginning  of  the  year  1857  the  number  of  species  recognised  by  the 
eminent  zoologist  last  mentioned  amounted  to  seven  or  eight,  exchi- 
sive  of  two  which  had  already  been  found  by  Mr.  Brodie  and  named 
by  Professor  Owen,  Before  these  interesting  inquiries  were  brought 
to  a  close,  the  joint  labours  of  Frofessor  Owen  and  Dr.  Falconer  had 
made  it  clear  that  twelve  or  more  species  of  mammalia  characterised 
this  portion  of  the  Middle  Furbeck,  most  of  them  insectivorous  or 
prednceons,  varying  in  size  from  that  of  a  mole  to  that  of  the  commoti 
polecat,  MtuteUi  putoritu.  While  the  m^ority  had  the  eharacter  of 
inaecti  vorouB  marsupials,  Dr.  Falconer  selected  one  as  differing  widely 
from  the  rest,  and  pointed  out  that  in  certain  characters  it  was  allied 
lo  the  living  Kangaroo-rat,  or  ffj/ptiprymntu,  ten  species  of  which 
now  inhabit  the  prairies  and  scrub-jungle  of  Australia,  feeding  oti 
plants  and  gnawing  scratched-up  roots.  A  striking  peculiarity  of 
their  dentition,  one  in  which  they  differ  from  all  other  quadrupeds, 
consists  in  their  having  a  single  large  pre-molar,  the  enamel  of  which 
id  furrowed  with  vertical  grooves,  usually  seven  in  nnmber  (see  ( 
fig.  373.,  where  the  pre-molar  of  the  recent  Hyptiprymntu  Gaimardi 
is  represented). 

The  largest  pre-molar  in  the  fossil  genua  exhibits  in  like  manner 
seven  parallel  grooves,  producing  by  their  termination  a  similar 
serrated  edge  in  the  crown  ;  but  their  direction  is  diagonal — a  dia- 
linction,  says  Dr.  Faleoner,  which  is  "  trivial,  not  typical." 

As  these  oblique  furrows  form  so  marked  a  character  of  the 
majority  of  the  teeth.  Dr.  Falconer  has  proposed  for  the  fossil  the 
generic  name  of  IHafiaulax.  The  shape  and  relative  sise  of  the 
incisor  a,  figs.  373.  and  374.,  exhibit  a  no  less  striking  similarity  to 
Hyptiprymnus.  Nevertheless,  the  more  sudden  upward  curve  of 
this  incisor,  especially  in  the  larger  species^  as  well  as  the  nnmber 
and  characters  of  the  other  teeth,  and  the  shortening,  compression, 
and  depth  of  the  jaw,  taken  together  with  the  backward  projection 
of  the  coitdyle  (d,  fig.  373.),  indicate  a  great  deviation  in  the  form  of 
Plagiattlax  from  that  of  the  living  kangaroo-rats. 

Onr  knowledge  is  at  present  confined  to  two  fossil  specimens  of 
lower  jaws",  evidently  referable  to  two  distinct  species,  extremely 
unequal  in  size  and  otherwise  distinguishable.  The  largest,  P. 
Becktaii  (fig.  373.),  was  about  as  big  as  the  English  squirrel  or  the 

■  Thiee  idditional  tpecimeni  of  P.  confirm  Dr.  Falconer'i  conclusion  pre- 
BfcAttiii  hkTc  nnee  been  Tonad,  lome    Tiondyexpreued  in  regard  to  the  affiaitj 

with  tlie  two  bock  molani  em  iie.    They    of  PlagiauUx  and  Microleatca. 
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fljiag  phalanger  of  AuBtralU  {Petaurui  Avitralu,  Waterhonse). 
The  skeleton  of  thii  phaUDger  (named  P.  maemrtu.  No,  1849.,  Mu- 
seum of  CoUege  of  Buttons)  measnrea  fifteen  inches  in  length, 
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exclusive  of  the  tail,  which  Is  more  than  eleven  inches  long.  The 
smaller  foBBil(P-  minor,  fig,  374. ),haTing  only  half  the  linear  dimen- 
sioDB  of  the  other,  whs  probably  only  l'12th  of  its  bulk.  It  is  of 
peculiar  geological  interest,  Ijecause,  as  shown  by  Dr.  Falconer,  its 
two  back  molars  bear  a  decided  resemblance  to  those  of  the  Triassic 
Sticrolettes  (&,  c,  fig.  375.),  the  most  ancient  of  known  mammalia,  of 
«bich  an  account  nill  be  given  in  Chapter  XXII.  When  Dr.  Falconer, 
in  1857,  pronoDnced  the  Flagtaulax  to  be  marsupial  and  herbivorous, 
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be  also  regarded  it  as  having  the  form  of  a  rodent ;  bat  he  did  not 
overlook  that  in  some  of  its  charact«rB,  eapecially  in  the  coronoid, 
it  resembled  certain  predaceous  marsnpiala  more  than  those  of  the 
herbivorous  class.     Professor  Owen  attaches  greater  importance  to 
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these  characters,  and  has  declared  his  opinion  that  the  PIsgianlax 
was  camivoroDB.  or  that  it  fed  on  small  insectivorous  mammalia  and 
lizards.'  Dr.  Falconer  objects  that  the  inference  as  to  the  preda- 
ceous habits  of  Plagiaulax  BeekUiU,  drawn  from  the  upward  curve 
of  the  incisor  (a.,  £g.  373.  p.  381. X  is  neutralized  bj  the  more 
horixontal  position  of  the  same  incisor  in  the  smaller  species  (a., 
fig.  374.),  to  sa^  nothing  of  the  fact  that  in  the  living  vege- 
table-feeding Koala  {^[^oMeotaTehu  cinereut)  the  incisor  is  also  pro- 
jected forwuds  with  a  slight  upward  inclination,  as  in  P.  Beekleni.^ 
The  same  anatomist  also  insists,  and  apparentljr  with  no  small  force 
of  reasoning,  on  the  analogy  of  the  pre-molar  of  Plagiaulax  (k.,  fig. 
373.  p.  381.),  with  that  of  the  kangaroo-rat  {I,  ibid.).  The  reader 
will  see  that  the  grooves  in  Plagiaulax  are  close  set,  perfectly 
parallel,  and  that  they  also  correspond  in  number  with  those  of  the 
living  hypsiprymnus  ;  and  if  he  vrill  compare  them,  as  I  have  done, 
with  the  sinuous  and  bifurcating  furrows  on  the  pre-molar  of  the 
fossil  Tbylacoleo,  to  which  Professor  Owen  has  likened  them,  ho 
will,  I  think,  be  as  much  at  a  loss  as  Dr.  Falconer  to  recognize  any 
resemblance  between  them. 

All  the  fossil  bones  of  mammalia  discovered  before  the  year  1857, 
in  rocks  older  than  the  tertiary,  had  consisted  exclusively  of  single 
branches  of  lower  jaws,  and  it  is  a  singular  fact  that  Mr.  Beckles 
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BhoDld  hftve  sent  to  London  in  that  yewc  the  first  known  example  of 
the  upper  portion  of  the  skull  of  a  eeconduy  mammal  consisting,  as 
Dr.  F^couer  pointed  out  U>  me  at  the  time,  of  the  two  frontal  and 
the  two  parietal  bones  in  a  good  state  of  preservation,  with  the 
sagittal  Greet  well  marked,  and  the  occipital  also  with  its  crest. 
Although  the  lateral  and  basal  portions  of  this  cranium  were 
wanting,  enough  remained  to  show  that  it  agreed  with  the  ordinary 
^pe  of  living  warm-blooded  quadrupeds. 

In  the  same  slab  with  this  cranium  occurred  the  entire  side 
of  the  lower  jaw  of  another  quadruped,  to  which  Professor  Owen 
gave  the  generic  name  of  Trteonodon.  It  contains  eight  molara, 
a  large  and  prominent  canine,  and  one  broad  and  thick  incisor. 
This  creature  mast  have  been  nearly  as  large  as  the  common 
hedgehog. 

Several  other  jaws  with  similar  tricnapid  teeth  of  lai^er  dimen- 
sions, found  b;  Mr.  Beckles,  indicate  the  existence  of  another 
species  of  Triconodon  of  a  more  elongated  form,  and  about  one- 
third  larger  in  si&e.  Its  marsupial  character  was  inferred  by  Dr. 
Falconer  from  the  number  of  the  true  molars,  the  strong  inflected 
angular  process,  the  broad  salient  everted  rim  of  the  ridge  which  is 
decnrrent  on  the  outer  side  from  the  condyle  along  the  inferior 
margin,  and  the  marked  development  of  the  mylo-hyoid  groove. 
He  also  observed  that  these  two  species  of  Triconodon  were  more 
like  small  ferine  animals  than  mere  insectivorous  marsupials,  and 
that  they  probably  fed  od  prey  less  minute  than  insects.  This 
opinion  he  deduced  from  the  cutting  character  of  their  teeth,  and 
their  comparatively  formidable  canines,  tc^ther  with  the  form  of 
the  ascending  ramus. 

Professor  Owen  has  proposed  the  name  of  GatetUt  for  the  largest 
of  the  mammalia  discovered  in  1858  inPurbeck,  equalling  the  pole- 
cat {Muttela  pwtorvu)  in  size.  It  is  supposed  to  have  been  predi^ 
ceous  and  marsupial.  Its  generic  character  is  derived  from  a 
peculiar  modification  in  the  form  of  one  of  the  pre-molars,  which 
has  a  single  external  vertical  groove. 

When  Mr.  Beckles  had  found  the  remains  of  twenty-eight  distinct 
individuals  of  Purbeck  mammalia,  and  Mr.  Brodie  seven  other 
specimens,  they  all  consisted  of  lower  jaws,  and  only  five  of  them 
had  upper  jaws  in  connection  ;  and  the  ten  other  specimens  of 
oolitic  mammalia  belonging  to  four  species  discovered  at  Stonesfield 
were  in  like  manner  all  represented  by  lower  jaws.  That  between 
forty  and  fifty  pieces  or  sides  of  lower  jaws  with  teeth  should  have 
been  found  in  oolitic  strata,  and  with  tJiem  only  five  upper  maxil- 
lariee,  together  with  one  portion  of  a  separate  cranium,  will 
naturally  excite  surprise.  There  were  no  examples  in  Purbeck  of 
an  entire  skeleton,  nor  of  any  considerable  number  of  bones  in 
juxtaposition.  In  several  portions  of  the  matrix  there  were 
detached  bones,  often  much  decomposed,  and  fragments  of  others 
apparently  mammalian ;  but,  if  all  of  them  were  restored,  they 
would  scarcely  suffice  to  complete  the  five  skeletons  to  which  the 
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Ave  upper  mnxillaries  &boTe  alluded  to  belonged.  As  the  aTerage 
number  of  pieces  in  each  mammalian  skeleton  is  about  250,  there 
must  be  many  thousands  of  misting  bones ;  and  when  we  endeavour 
to  account  for  their  absence,  we  are  almost  tempted  to  indulge  in 
epeculations  like  those  once  suggested  to  me  bj  Dr.  Bnckland,  when 
he  tried  to  scire  the  enigma  in  reference  to  Stonesfield ; — "  The 
corpses,"  he  said,  "  of  drowned  animals,  wben  tbej  float  in  a  river, 
distended  by  gases  during  putrefaction,  bave  often  their  lower  jaw 
banging  loose,  and  sometimes  it  has  dropped  off.  The  rest  of  the 
body  may  then  be  drifted  elsewhere,  and  sometimes  may  be  swal- 
lowed entire  by  a  predaceous  reptile  or  fish,  such  as  an  ichtbyosaur 
or  a  shark." 

We  may  also  suppose  that  when  fish  or  other  aquatic  animals 
attack  a  decaying  carcase,  whether  it  be  floating  or  has  sunk  to  the 
bottom,  they  will  first  devour  those  parts  vhich  are  covered  with 
flesh.  A  lower  jaw,  consisting  of  little  else  than  bones  and  teeth, 
will  be  neglected,  and  becoming  detached,  may  be  drifted  away  by 
a  current  of  moderate  velocity,  and  buried  apart  from  the  other 
bones  in  sand  or  mud. 

As  all  the  above-mentioned  Pnrbeck  mammalia,  belonging  to 
eight  or  nine  genera  and  to  about  fourteen  species  of  insectivorous, 
predaceous,  and  herbivorous  hiarsnpials,  have  been  obtained  from 
an  area  less  than  500  square  yards  in  extent,  and  from  a  single 
stratum  not  more  than  a  few  inches  thick,  we  may  safely  conclude 
that  the  whole  lived  together  in  the  same  region,  and  in  all  likeli- 
hood they  constituted  a  mere  fraction  of  the  mammalia  which  in- 
habited the  lands  drained  by  one  river  and  its  tributaries.  They 
afford  the  first  positive  proof  as  yet  obtained  of  the  co-esisteoce  of 
a  varied  fauna  of  the  highest  class  of  vertebrata  with  that  ample 
development  of  reptile  life  which  marks  all  the  periods  from  the 
Trias  to  the  Lower  Cretaceous  inclusive,  and  with  a  gymnospennoas 
flora,  or  that  state  of  the  vegetable  kingdom  when  cycads  and 
conifers  predominated  over  all  kinds  of  plants,  except  the  ferns,  so 
far  at  least  as  our  present  imperfect  knowledge  of  fossil  botany 
entitles  us  to  speak. 

The  annexed  table  will  enable  the  reader  to  see  at  a  glance  how 
conspicuous  a  part,  numerically  considered,  the  mammalian  species 
of  the  Middle  Furbeck  now  play  when  compared  with  those  of  other 
formations  more  ancient  than  the  Paris  gypsum,  and  at  the  same 
time  it  will  help  him  to  appreciate  the  enormous  hiatus  in  the  his- 
tory of  fossil  mammalia,  which,  at  present  occurs  between  the  Purbeck 
and  Eocene  periods. 
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Number  and  Diatributum  of  all  the  knovm  Speeiet  of  Foinl  Mam- 
malia  from  Strata  older  than  the  Parit  Gyptum,  or  than  th« 
Bembridge  SerUt  of  the  Isle  of  Wight. 


B&non  Claf  and  Stiblei  do  Beanchamp    - 
Bagabot  Bed),   Calcaire  Growier,  «nd~l 

Upper  SoiuonnaU  of  CoiMe-Lamotte.  / 
London  Clay,  indading  the  Kjvya  Saod  - 
Plaitie  CUj  and  Lignju  -        -        . 

Sable*  de  Bracbeaz         .... 
Thanet   Sands  and  Lower  Landenian  of\ 

Belginm     .        -        ...       J 

-Haettricht  Chalk 

White  Chalk  ■        .  -      .    -    . 

Chalk  Marl 

Dpper  Greeuaud  .... 

GanU     --.-... 
Lower  Greeniuid  -        .        ,        . 

Weald  Clay,  &c 

Halting*  Sand         -        .        .        .        . 

Upper  Pnrbect  Oolite     .... 

Middle  Purbeck  Oolite   -       .       .       . 
Lower  Pnrbeck  Oolita     .... 

PortUnd  Ooliie       ..... 

Kimmeridge  Claj  .        .        •        .        . 
Coral  Hae      ...... 

Oxford  Clay  ...--- 
Great  Oolite  ...... 

Infeilac  Oolite        -       .       -       .       . 


("leFrei 
SO  -j    1  Eng 
I   SU.S 
7     All  Eng]   _ 
.    r  7  French. 
'   la  English 
1     fnoch. 


6  French. 

I  Engliih. 

SU.Siatea* 
All  English. 
'  7  French. 

3  English. 


Upper  Trial  - 

Middle  - 

r  Permian 

J  CarboDiferona 

1  Silurian  - 
\  Cambrian 


rWnnemberg. 
4  k  Someneuh. 
Q   LN.  Carolina. 


In  drawing  np  Ibe  abore  table  I  hare  been  OMisted  by  Frofeuor  Owen  in  re- 
ference to  the  British,  and  by  MM  Lartel  and  Hubert  in  reference  to  the  fbsail 
mamoialia  of  ibe  Freacb  Eocene  strata.  There  are,  besides,  scTeral  undescribed 
species  in  the  collection  of  the  two  last-mentioned  paleontologists,  or  in  mnsenms 
known  to  them  ;  and,  in  regard  to  one  or  two  of  the  Eocene  continental  localities 
ont  of  the  Paris  banin,  the  age  of  the  deposits  ts  loo  Ultle  known  to  allow  us  to  iq- 
dode  tbeir  foasili  in  the  table. 

The  ^les  de  Bracbeox,  enamerUed  in  the  Tertiary  diriiion  of  the  table,  sap- 
poaed  by  Mr.  PreMwich  to  be  lomewhat  newer  than  (he  Thanet  Sands,  and  by  H. 
Hubert  to  be  of  about  that  age,  have  yielded  at  La  F£re  the  jlre(ot3on(Pii^iED^ca) 
pratavua,  the  oldeat  known  tertiary  mammaL 

It  ia  worthy  of  notice,  tbat  in  the  HastingB  Sands  there  are  certain 
layers  of  clay  and  sandstone  in  which  numerous  footprints  of  qua- 
drupeds have  been  found  by  Mr,  Beckles,  and  traced  by  him  in  the 

*  I  allnde  to  Hreral  Zeuglodona  Ibnnd  in  Alabama,  and  referred  l^-  aome 
wologisM  to  three  species. 
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BBine  Mt  of  rocks  through  Snasex  and  the  Isle  of  Wight.  Thej 
appear  to  belong  to  three  or  four  species  of  reptiles,  and  no  one  of 
them  to  any  warm-blooded  quadraped.  Thej  onght,  therefore,  to 
aerre  as  a  warning  to  as,  when  we  &il  in  lilce  manner  to  detect 
mammalian  footprints  in  older  rocks  (such  as  the  New  Bed  Sand- 
stone), to  refrain  from  inferring  that  quadrupeds,  other  than  rep- 
tilian, did  not  exist  or  pre-exist. 

But  the  most  instructive  lesson  read  to  as  by  the  Pnrbeelc  strata 
consists  in  this  : — They  are  all,  with  the  exception  of  a  few  interca- 
lated brackish  and  marine  layers,  of  freshwater  origin ;  they  are 
160  feet  in  thickness,  have  been  well  searched  by  skilful  collectors, 
and  by  the  late  Edward  Forbes  in  particnlar,  who  studied  them  for 
months  consecutively.  They  have  been  nnmbered,  and  the  contents 
of  each  stratum  recorded  separately,  by  the  officers  of  the  Govern- 
ment Survey  of  Great  Britain.  They  have  been  divided  into  three 
distinct  groups  by  Forbes,  each  characteriied  by  the  same  genera  of 
pulmoniferoas  moUnsca  and  cyprides,  but  these  genera  being  repre- 
sented in  each  group  by  different  species;  they  have  yielded  insects 
of  many  orders,  and  ^e  fruits  of  several  plants  ;  and  lastly,  they 
contain  "dirt-beds,"  or  old  terrestrial  surfaces  and  soils  at  different 
levels,  in  some  of  which  erect  trunks  and  stumps  of  cycads  and 
conifers,  with  their  roots  still  attached  to  them,  are  preserved.  Yet 
when  the  geologist  inquires  if  any  land-aaimals  of  a  higher  grade 
than  reptiles  lived  during  any  one  of  these  three  periods,  the  rocks 
are  all  silent,  save  one  thin  layer  a  few  inches  in  tiiickness ;  and  this 
single  page  of  the  earth's  history  has  suddenly  revealed  to  us  in  a  few 
weeks  the  memorials  of  so  many  species  of  fossil  mammalia,  that  they 
already  outnumber  those  of  many  a  subdivision  of  the  tertiary  series, 
and  far  surpass  those  of  all  the  other  secondary  rocks  put  together  1 
Next  anterior  in  age  to  the  Purbeck  mamnialia  are  those  of  the 
Lower  Oolite  at  StonesOeld,  to  be  mentioned  at  page  404.  Tbeee 
are  all  vei7  small,  comprising  four  species,  three  of  which  are  cer- 
tainly marsupial,  and  the  other  possibly  placental,  but  so  unlike  any 
living  ^pe  that  some  doubts  are  entertained  as  to  whether  it  may 
not  have  been  marsupial.  StiU  older  than  the  above  are  some  fixsil 
quadrupeds,  also  of  small  size,  found  in  the  Upper  Trias  of  Stuttgardt, 
in  Germany,  and  more  lately  by  Messrs.  Charles  Moore  and  W.  Boyd 
Dawkins,  in  bods  of  corresponding  age  in  Somersetshire,  which  are 
also  of  a  very  low  grade,  like  the  lif  ing  Myrmecobius  of  Australia. 
If  the  three  localities  where  the  most  ancient  mammalia  have  been 
found — Purbeck,  Stonesfield,  and  Stuttgardt — had  belonged  all  of 
them  to  formations  of  the  same  age,  we  might  well  have  imagined 
so  limited  an  area  to  have  been  peopled  exclusively  with  ponched 
quadrupeds,  just  as  Australia  now  is,  while  other  parts  of  the  globe 
were  inhabited  by  placentals,  for  Australia  now  supports  one  hun- 
dred and  sixty  species  of  marsupials,  while  the  rest  of  the  continents 
and  islands  are  tenanted  by  about  seventeen  hundred  species  of  mam- 
malia, of  which  only  forty-six  are  marsupial,  namely,  the  opossams 
vt  North  and  South  America,  But  the  great  difference  of  age  of 
the  Strata  in  each  of  these  three  localities  seems  to  indicate  the  pre- 
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dominnice  throughout  n  vast  lapse  of  time  (from  the  era  of  the 
tipper  Triu  to  that  of  the  Purbeck  beds)  of  a  low  grade  of  quodrn- 
)>eds  i  luid  this  persistencf  of  similar  generic  and  ordinal  types  in. 
Eorope  while  the  apecies  were  changing,  and  while  the  fish,  reptiles, 
ud  molluscs  were  nndei^oing  vast  modificationa,  would  natarallj 
lead  ns  to  suspect  that  there  mast  also  have  been  a  vast  extension 
in  space  of  the  eame  marsupial  forms  during  that  portion  of  the 
Eecoodarj  epoch  which  has  been  termed  "the  age  of  reptiles."  Such  an 
iDference  as  to  the  wide  geographical  range  of  the  marsupials  of  the 
olden  time  has  been  confirmed  by  the  discovery  in  the  Trias  of  North 
America  of  three  lower  jawa  of  a  quadruped  allied  to  Myrmecobins. 
itiru  found  by  the  late  Dr.  Emmona  in  beda  probably  coeval  with 
the  "Keuper"  of  Europe.  The  predominance  in  earlier  ages  of  theae 
Enamnu^ia  of  a  low  grade,  and  the  abaence  at  present  of  species  of 
b^her  organiiation,  ia  certainly  in  favour  of  the  theory  of  progressive 
development. 

Beneath  the  freshwater  strata  to  which  the  mammaliferoua  marl 

belonga  ia  a  thin  band  of  greenish  ahalea,  with  marine  ehells  and 

impresHiona  of  leavea,  like  those  of  a  large  Zottera,  forming  the  base 

ofthe  Middle  Purbeck. 

Zotoer  Purbeeh. — Beneath  the  thin  marine  band  last  mentioned, 

purely  freshwater  marla  occur,  containing  apecies  of  Cypri*  (flg.  375. 

",  t),  Valvata,  and  Limmsa,  dif- 

fnent  from  those  of  the  Mid-  Fii.  xn. 

die  Purbeck.     This  ia  the  be- 
ginning of  the  inferior  division, 

wbicb  IB  about  80  feet  thick. 

Below  the  marts  are  seen,  at  1 

MeDp'aBay,morethan30feetof 

brackish- water  strata,  abound-  t 

ing  in  a  species  of  Serpula,  allied  Cfprldn  rWm  lh«  Lower  PurbHki. 

to.  if  not  identical  with.&7p«/o  "  '^'r'f^JT'™*        *■  '*^tI^"^ 

OMieervite;  found  in  beda  of  the 

lame  age  in  Hanover.     There  are  alao  abells  of  the  genus  Riuoo  (of 

the  subgenus  Hydrobia),  and  a  little  Cardium  of  the  subgenus  Pto- 

bttardinm,  in  theae  marine  beds,  together  with  Cyprit.    Some  of  the 

cypris -bearing  shales  are  straugety  contorted  and  broken  up,  at  the 

west  end  of  the  Isle  of  Purbeck. 

The  great  dirt-bed  or  vegetable  ^'^'  "^ 

Mil  containing  the  roots  and  stools 

of  CyeadefBf    which  I  shall  pre- 

HDtly  describe,  underlies   these 

marls,  and  rests  upon  the  lowest 

freshwater  limeetone,  a  rock  about 

eight  feet  thick,  containing  Cy- 

dat,  Valvata,  andi^tmMiea,  of  the 

Mme  species  as  those  of  the  np- 

permoat  part  of  the  Lower  Pur-  j^„^^^  {««te«(,)w,.*»**(,a,  n^xx,^^ 

beck,  or  above  the  dirt-bed.  Ihe 

COS  ,  I 
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freshwater  limestone  in  its  turn  rests  upon  the  top  beds  of  the  Port- 
land etone,  which,  although  it  contains  purely  marine  remains,  often 
consists  of  a  rock  quite  homogeneous  in  mineral  character  with  the 
Lowest  Purbeck  limestone.* 

Tbe  most  remarkable  of  all  the  Toried  succession  gf  beds  enu- 
merated in  the  abore  lisl^  is  that  called  by  the  quanymen  "the 
dirt,"  or  "  black  dirt,"  which  was  evidently  an  ancient  vegetable 
soil.  It  is  from  12  to  18  inches  thick,  is  of  a  dark  brown  or  black 
colour,  and  contains  a  large  proportion  of  earthy  lignite.  Through 
it  are  dispersed  rounded  fragments  of  stone,  from  3  to  9  inches  in 
diameter,  in  such  numbers  that  it  almost  deserves  the  name  of 
graveL  Many  silicified  trunks  of  coniferous  trees,  and  the  remains 
of  plants  allied  to  Zamia  and  Cyeat,  are  buried  in  this  dirt-bed  (see 
figure  of  fossil  species,  fig.  376.,  and  of  living  Zamia,  fig.  377.). 


These  plants  must  have  become  fossil  on  the  spots  where  they 
grew.  The  stumps  of  the  trees  stand  erect  for  a  height  of  from  one 
to  three  feet,  and  even  in  one  inatence  to  six  feet,  with  their  roots 
attached  to  the  soil  at  about  the  same  distances  from  one  another  as 
the  trees  in  a  modern  forest^  The  carbonaceous  matter  is  most 
abundant  immediately  around  the  stumps,  and  round  the  remains  of 
fossU  CycaAa.X 

ns.ns. 


Iwdi  otttaa  Lawit 


of  FDrtlud.  DonM.    (BiukUndud  BaUBectas.) 


Besides  the  upright  stumps  above  mentioned,  the  dirt-bed  contains 
the  stems  of  silicified  trees  lud  prostrate.     These  are  partly  sank 

•  WeMon,  OeoL  Qoart  Jonrn.,  toL  Din-bed. 
Tiii.p.  117.  t  PLtton,G«ol.Tr«iis.,8econdSeric«, 

t  Hr.  Webster  fint  noticed  the  erect  \<A.  W.  pp.  SEO,  231. 
poritiou  of  the  trees,  and  described  tbe 
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into  the  black  earth,  and  partly  enveloped  by  a  catcareoua  elate 
which  covers  the  dirt-bed.  The  ftagments  of  the  prostrate  trees  are 
fwely  more  than  three  or  four  feet  in  length ;  but  by  joining  many 
of  them  togetiier,  trunks  have  been  restored,  having  a  length  irom 
(be  root  to  the  branches  of  froTD  20  to  23  feet,  the  stems  being  undl- 
rided  for  17  m-  20  feet,  and  then  forked.  The  diameter  of  these 
M»r  the  root  h  about  one  foot.  Boot-shaped  cavities  were  observed 
l)yProfeBeor  Henslow  to  descend  from  the  bottom  of  the  dirt-bed 
into  the  sabjaceot  freshwater  stone,  which,  though  now  solid,  must 
h»Te  been  in  a  soft  and  penetrable  stale  when  the  trees  grew." 

The  thin  layers  of  calcareoas  slate  (fig,  378.)  were  evidently  de- 
posited tranquilly,  and  would  have  been  horizontal  but  for  the  pro- 
Iniaion  of  the  stumps  of  the  trees,  around  the  top  of  each  of  which 
they  form  hemispherical  concretions. 

The  dirt-bed  is  by  no  means  confined  to  the  island  of  Portland, 
where  it  has  been  most  carefully  studied,  but  is  seen  in  the  same 
relative  position  in  the  cliffs  east  of  Lulworth  Cove,  in  Dorsetshire, 
where,  as  the  strata  have  been  disturbed,  and  are  now  inclined  at  an 
»ng-le  of  45°,  the  stumps  of  the  trees  are  also  inclined  at  the  same 
>nglB  in  an  opposite  direction — a  beautiful  illustration  of  a  change 
in  the  position  of  beds  originally  horisontal  (see  fig,  379.).    Traces 


of  the  dirt-bed  have  also  been  observed  by  Mr.  Fisher,  at  Ridgway  ; 
by  Dr.  Buckland,  about  two  miles  north  of  Thame,  in  Oxfordshire  j 
ud  by  Dr.  Fitton,  in  the  cliffs  in  the  Boulonnois,  on  the  French 
coast :  but,  AS  might  be  expected,  this  freshwater  deposit  is  of 
liDuted  extent  when  compared  to  most  marine  formations. 

FriHn  the  facts  above  described  we  may  infer,  first,  that  those  beds 
of  the  Upper  Oolite,  called  "  the  Portland,"  which  are  full  of  marine 
ibeUs,  were  overspread  with  fiuviatile  mud,  which  became  dry  land, 
«nd  covered  by  a  forest,  throughout  a  portion  of  the  space  now 
occupied  by  the  south  of  England,  the  climate  being  such  as  to 
idmit  the  growth  of  the  Zamia  and  Q/cat.  2adly.  Th\a  land  at 
length  sank  down  and  was  submerged  with  its  forests  beneath  a 

*  Borland  and  De  la  BecIie,Oe<iL  mbjacent  rock  is  sfreahwaterliaHatonei 
Tnot^  Second  Seriet,  toL  It.  p.  IB.  and  not  a  ponioa  of  the  Portland  ouliie, 
hot  Forbes   has  *«cenaiD«d  that  the    aa  waa  prevlouslj  imagined- 
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body  of  iVesh  water,  from  which  eediment  wu  thrown  down  enre- 
loping  duvi&tile  sheila,  Srdlj.  The  r^ul&r  tod  tmifono  preservation 
of  this  thin  bed  of  black  earth  over  a  distance  of  manj  miles,  shows 
that  the  change  from  drj  land  to  the  state  of  a  freshwater  lake  or 
estnarj,  was  not  accompanied  bj  any  vi<dent  denudation,  or  rush  of 
water,  since  the  loose  black  earth,  together  with  ^e  trees  which  lay 
prostrate  on  its  surface,  mnat  inevitably  have  been  swept  awaj  had 
anj  such  violent  catastrophe  taken  place. 

The  dirt'bed  has  been  described  above  in  its  moat  simple  form, 
but  in  some  sections  the  appearances  are  more  oomplicated.  The 
forest  of  the  dirt-bed  was  not  everywhere  the  Brst  v^^tation  which 
grew  in  this  r^ion.  Two  other  beds  of  carbonaceous  clay,  one  of 
them  containing  Q/eadea,  in  an  upright  position,  have  been  foond 
below  it,  and  one  above  it,  which  implies  other  osciUatiens  in  the 
level  of  U)e  same  ground,  and  its  alternate  occupation  by  land  and 
water  more  than  once. 


the  ehanget  of  medium  in  tohieh  Ae  itrata  vert 
the  Portland  Stone  up  to  the  Lower  Greemand  IN- 
iouth-eatt  (^England  {begaming  vUh  the  lowett). 


Table  ihowing 
formed,  from 
eludve,  in  the 

I.  Freshwnter 

Freah  water 

Land 

Frefhwatar 

Land  (Din-bed) 

FreabwaHi 

Uinil 

BnKkiih 

Freahwaur 


Portland  Scane. 


5.  Marine        "j 

Harine         I 

Bracktih      I  Middle  Fnibtek. 

Maiine 

Brack  iih      | 

Freihwatar  j 
4.  Freahwater      U^xr  Farbeck. 
B.  Frcahiraler  *) 

Brackiah      V  Hastingg  Sands. 

Fnabvnter  } 

6.  FreahwBUr      Wealiten  Cla;. 

7.  Manna  Lower  Qreaoaand. 

The  annexed  tabular  view  will  enable  the  reader  to  take  in  at  a 
glance  the  successive  changes  from  sea  to  river,  and  from  river  to 
sea,  or  from  these  again  to  a  state  of  land,  which  have  occurred  in 
this  part  of  England  between  the  Oolitic  and  Cretaceous  periods. 
That  there  have  been  at  least  four  changes  in  the  species  of  testacea 
during  the  deposition  of  the  Wealden  and  Purbeck  beds,  seems  to 
follow  from  the  observstions  recently  made  by  Professor  Forbes  ;  so 
that,  should  we  hereafter  find  the  signs  of  many  more  alternate 
occnpations  of  the  same  area  by  different  elements,  it  is  no  more 
than  we  might  expect  Even  daring  a  small  part  of  a  zoological 
period,  not  sufficient  to  allow  time  for  many  species  to  die  out,  we 
find  that  the  same  area  has  been  laid  dry,  and  then  submerged,  and 
then  again  laid  dry,  as  in  the  Deltas  of  the  Po  and  Ganges,  the  his- 
tory of  which  has  been  brought  to  light  by  Artesian  borings.*  Wo 
also  tnow  that  similar  revolutions  have  occurred  within  the  present 
century  (1819)  in  the  delta  of  the  Indus  in  Cutchf,  where  land  has 


I  of  Q«oL.  gth  ed.. 


t  Ibid.,  p.  460. 
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been  laid  permanentlj  under  the  waters  both  of  tbo  rirer  and  eea, 
without  its  soil  or  shrobs  having  been  swept  awaj.  Even  inde- 
pendently of  any  vertical  movements  of  the  ground,  we  see  in  the 
principal  deltaa,  such  as  that  of  the  Mississippi,  that  the  ees  extends 
its  salt  waters  annually  for  many  months  over  considerable  spaces 
which,  at  other  seasons,  arp  occupied  by  the  river  during  its  inun- 
dations. 

It  will  be  observed  Qiat  the  division  of  the  Fnrbecfcs  into  upper, 
middle,  and  lower  has  been  made  by  Professor  Forbes  strictly  on  the 
principle  of  the  entire  distinctness  of  the  species  of  organic  remains 
which  they  include.  The  lines  of  demarcation  are  not  lines  of  dis- 
turbance, nor  indicated  by  any  striking  physical  characters  or  mineral 
changes.  The  features  which  attract  tlie  eye  in  the  Furbecks,  such 
as  the  dirt-beds,  the  dislocated  strata  at  Lulworth,  and  the  Cinder- 
bed,  do  not  indicate  any  breaks  in  the  distribution  of  organized 
beings.  "The  causes  which  led  to  a  complete  change  of  life  three 
times  during  the  deposition  of  the  freshwater  and  brackish  strata 
must,"  says  this  naturalist,  "  be  sought  for,  not  simply  in  either  a 
rapid  or  a  sndden  change  of  their  area  Into  land  or  sea,  bnt  in  the 
great  lapse  of  time  which  intervened  between  Uie  epochs  of  deposition 
at  certain  periods  during  their  formation." 

Each  dirt-bed  may,  no  doubt,  be  the  memorial  of  viany  thousand 
yesrs  or  centuries,  because  we  find  that  2  or  3  feet  of  vegetable  soil 
is  the  only  monument  which  many  a  tropical  forest  has  left  of  its 
existence  ever  since  the  ground  on  which  it  now  stands  was  first 
covered  with  its  shsde.  Yet,  even  if  we  imagine  the  fossil  soils  of 
the  Lower  Farbeck  to  represent  as  many  ages,  we  need  not  expect  on 
that  aeconttt  to  find  them  constituting  the  lines  of  separation  be- 
tween successive  strata  characterized  by  different  zoological  types. 
The  preservation  of  a  layer  of  vegetable  soil,  when  in  the  act  of 
being  submerged,  must  be  regarded  as  a  rare  exception  to  a  general 
rule.  It  is  of  so  perishable  a  nature,  that  it  must  usually  be  carried 
away  by  the  denuding  waves  or  currents  of  the  sea,  or  by  a  river  ; 
and  maiiy  Purbeck  dirt-beds  were  probably  formed  in  succession  and 
annihilated,  besides  those  few  which  now  remain. 

The  plants  of  the  Purbeck  beds,  so  far  as  our  knowledge  extends 
at  present,  consist  chiefly  ofFems,  Coniferte  {flg. 
880.),  and  Cycadeas  (fig.  376.),  without  any  angio-  '' 

sperms;  the  whole  more  allied  to  the  Oolitic  than 
to  the  Cretaceous  vegetation.  The  vertebrate  and 
invertebrate  animals  indicate,  like  the  plants,  a  j 
somewhat  nearer  relationship  to  the  Oolitic  than 
to  the  Cretaceous  period.  Mr.  Brodie  has  found  the 
remains  of  beetles  and  several  insects  of  the  homop- 
terous  and  trichopterous  orders,  some  of  which 
now  live  on  plants,  white  others  are  of  such  forma  iikiorPurEtck.  (Fiudo.) 
as  hover  over  the  surface  of  our  present  rivers. 

Jutland  Oolite  and  Sand  (b.  Tab.,  p.  375.).— The  Portland  oolite 
has  already  been  mentioned  as  fbrming  in  Dorsetshire  the  founda- 
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tion  on  which  the  freshwater  limeatone  of  the  Lower  Furbeck 
reposes  (see  p.  387.).  It  supplies  the  well-known  buildiog-stone  of 
which  St.  Paul's  and  ao  many  of  the  principal  edifices  of  London  are 
constructed.  This  upper  member  rests  on  a  dense  bed  of  sand,  called, 
the  Portland  sand,  coDtatning  for  the  most  part  similar  marine  forails, 
below  which  is  the  Kimmeridge  clay.  '  In  England  these  Upper 
Oolite  formations  are  almost  wholly  confined  to  the  southern  coun- 
ties. Corals  are  rare  in  them,  although  one  species  is  found  plenti- 
fiiUy  at  Tisbury,  Wiltshire,  in  the  Portland  aand,  converted  into 
fiint  and  chert,  the  original  calcareous  matter  being  replaced  by 
silex  (fig.  381.). 

The  Kimmeridge  clay  consists,  in  great  part,  of  a  bitaminous 
shale,  sometimes  forming  an  impure  coal,  several  hundred  feet  in 
thickness.   In  some  places  in  Wiltshire  it  much  resembles  peat ;  and 


haUraa  ntlanga,  M,  Edw.  mid  J.  Hihiia.  TntB^la  giUsu.   )  tut,  tfw, 

Ul*  Ponlud  Sud,  TUmr;.  Partluul  Sioim,  TIMhdt. 

Pi(.«H. 


the  bituminous  matter  may  have  been,  in  part  at  least,  derived  &)m 
the  decomposition  of  vegetables.  But  as  impressions  of  plants  are 
rare  in  these  shales,  which  contain  ammonites,  oysters,  and  other 
marine  shells,  the  bitumen  may  perhaps  be  of  animal  origin. 

Among  the  characteristic  fossils  may  be  mentioned  Cardium  ttria- 
talum  (fig.  385.)  and  Ostrea  deltoidea  (fig.  386.),  the  latter  found  in 
the  Kimmeridge  clay  throughout  £ap;land  and  the  north  of  Franct^ 
and  also  in  Scotland,  near  Brora.  The  Gryphaa  virgula  (fig,  387.), 
also  met  with  in  the  same  clay  near  Oxford,  is  so  abundant  in  the 
Upper  Oolite  of  parts  of  France  as  to  have  caused  the  deposit  to  be 
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Efaanerldge  cl>;,  Hutnll. 


Klmiiifiiriil«e  ch 


termed  "  marnes  It  gryph^s  virgulea."    Near  Clermont,  in  Argonne, 

>  kw  leagues  from  St.  Menehould,  where  these  indurated  marls 

crop  ont  from  beneath  the  gault,  I  have  seen  them,  on  decomposing, 

ieave  the  surface  of  every  ploughed  field  literallj  strewed  over  with 

this  fossil  ojster.     The   TrigoTieUitet  latttt  {Aplychus,  of  some  au' 

thora)  (fig.  388.)  is  also  widely  dispersed  through 

this  clay.     The  real  nature  of  the  shell,  of  which 

there  are  many  species  in  oolitic  rocks,  is  still  a 

matter  of  conjecture.     Some  are  of  opinion  that  the 

two  plates  formed  the  gizzard  of  a  cephalopod  ;  for 

the  living  Kautilus  has  a  gizzard  witli  horny  folds,  ' 

tnd  the  Bulla  is  well  known  to  possess  one  formed    Ktm^ft^JSa.' 

of  calcareous  plates. 

The  celebrated  lithographic  stone  of  Solenhofen,  in  Bavaria,  be- 
longs to  one  of  the  upper  divisions  of  the  oolite,  and  affords  a  re- 
markable example  of  die  variety  of  fossils  which  may  be  preserved 
nader  favourable  circumstaacee,  and  what  delicate  impressions  of 
the  tender  parts  of  certain  animals  and 
pJsnte  may  be  retained  where  the  sediment  Pig_  ^^^ 

is  of  extreme  fineness.  Although  the  num- 
ber of  testacea  in  this  slate  is  small,  and  the 
plants  few,  and  those  all  marine,  Count 
Ugnster  bad  determined  no  less  than  237 
'pecies  of  fossils  when  I  saw  his  collection 
in  1833  ;  and  among  them  no  less  than 
wven  ipecies  of  fiying  lizards  or  pterodac- 
tjis  (see  fig.  389.),  six  saurians,  three  tor- 
toises, aixty  species  of  fish,  forty-six  of 
Crustacea,  and  twenty-six  of  insects.  These 
insects,  among  which  is  a  libellula,  or  dra- 
gon-fly, must  have  been  blown  out  to  sea, 
probably  from  the  same  land  to  which  the  „ 
fljiug  lizarde,  and  other  cont«mporaneous  *"'tn. 

reptiles,  resorted. 

In  the  game  slate  of  Solenhofen  a  fine  example  was  met  with  in 
1 S62  of  the  skeleton  of  a  bird  almost  entire,  with  the  exception  of 
tbe  head,  and  retaining  even  its  feathers.  This  valaable  specimen 
is  now  in  tbe  British  Museum,  and  has  been  called  by  Professor 
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Owea  Arehaopteryx  maerura.  According  to  his  interpretatioit,  it 
is  a  true  bird,  and  not  intermediate,  as  was  at  first  imagined,  Iwtween 
a  bird  and  reptile.  It  was  at>out  the  size  of  a  rook.  It  diSere  le- 
markablj  from  all  known  birds  in  having  two  free  claws  belonging 
to  the  wing,  and  in  the  stractnre  of  its  tail ;  for  in  almost  all  tiving 
representatiTcs  of  the  class  Aves,  the  tail  feathers  are  attached  loi 
coccygtan  bone,  consisting  of  several  vertehne  united  together, 
whereas  in  the  Arch»opteryx  the  tail  is  composed  of  twenty  verte- 
brte,  each  of  which  supports  a  pair  of  quill  feathers  so  perfect  that 
the  vaues  as  well  as  the  shaft  are  preserved.  The  first  five  only  of 
the  vertebrn  as  seen  in  A.  hare  transverse  processes,  the  fifteen  re- 
maining ones  become  gradually  longer  and  more  tapering.  Tbe 
feathers  diverge  outward  from  them  at  an  angle  of  45° ;  but  this 
departure  from  the  true  ornithic  type  occurs,  says  Professor  Owen, 
in  that  part  of  the  skeleton  which  is  most  subject  to  variation. 


Till  oi Arelutoiiurfr  mamira,  Owtn.iiid  Futhsr  ofA,lillUitrtp*><i-'il*Tf<  (Ten  t^ 
duecpurtt  nnersra.  Owen,     {uuilifl.    Dmn  frou  th>  ijHcliiifD  In  Oh  Brflitli 

C.  ainfli>fnlhn',cmlt«l.4reikNfiler»iAMii|(TiniUul>T  VonHnvr.    Vaninl  liM. 

Thli  reMbn-  upon  uhlcb  th«  genui  wu  -iiiibllibHl  in  IKl.  wu  dUconnd  M  Sola- 

D.  Till  or  'ncml  Tultura.  (Qgpt  Bamalemtii}.  ihoiilii  tkg   poInU  of  uuchBcnt  <H  Of 

princlpil  iill-hulun  idoiul  Tlew.^nit.itH). 

E.  Proflle  occutitil  fenebTK  or  iiina,  lo  ihow  tha  braul  t*niilni1  IsUit,  sr  "  |iloaahili*i* 

bona./,  nritaiiUil.lbiiuiMu  thu  mn  (sntbgrtawd  U/O,  »  lufilT  ilnetDixi  tn 


/  B  ud/D  Indluta  the  poiltkrD  of  lb*  urmbul  jalDt. 

Ths  d«Wd  Un*i  E,  (,  t,  ihow  tbt  dlrseifoo  o(  (In  qalQ  Iiubm  of  Ow  till  'bn 

Tlisploi^hibirabDiiBantwalentedilplniurBtHHniit/Bl.toinHirbaaxUD'B' 
beak  of  UiE  bird  Hbaii  MsklnB  <hec<>«i|Um  o1l-f]ind  (sblcb  li  plind  upra  tbli  umtut 
lolnl)  to  lubricila  1u  hubin  whiln  premlng.  Onlj  ilw  "prlnutH"  or  gmt  bI' 
fniban  ira  rapr>iMDlnl  In  B(.  D  i  thi  buai  at  thaw  ud  tba  mt  of  tki  iwutoca  m 
doibMl  In  ianiiidirT  (autaaii  lod  do>a- 
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Tliiia  there  are  short  and  loDg-tailed  apeoies  of  bata,  rodents,  and 
pterodoctjlea,  with  great  variation  in  the  number  of  their  cnadal 
vertebrte ;  he  also  observes  that  although  in  living  birds  a 
short  booj  tail,  and  generally  accompanied  by  a  coalescence  of  the 
tenninat  vertebrte  to  form  the  ploughshare  bone  /  E.,  is  a  constant 
character,  yet  all  birds  in  their  embryonic  state  exhibit  the  vertebrte 
distinct  and  separate,  so  that  the  tail  of  the  Archmopteryx  exhibits 
a  retention  of  structure  which  is  "  embryonal  and  transitory  in  the 
modern  representatives  of  the  class,  and  cansequently  a  closer 
adhesion  to  the  general  vertebrate  type."  In  the  young  oetricb 
from  eighteen  to  twenty  caudal  vertebra  may  be  counted,  seven  or 
eight  of  which  are  annexed  to  the  sacrum,  while  two  or  three  are 
welded  together  to  form  the  slender  terminal  bone,  which  in  this  and 
other  running  birds  {ntrioret)  is  not  ploughshare -shaped. 

It  has  been  already  stated  that  no  species  of  British  fossil,  whether 
of  the  vertebrata  or  invertebrata,  are  common  to  the  Oolite  and 
Chalk,  or,  to  speak  more  strictly,  are  common  to  the  marine  beds  of 
these  two  groups  which  stand  nearest  to  each  other,  namely,  the 
Portland  limestone  and  the  Atherfleld  beds ;  but  while  there  is 
this  great  break  in  an  upward  direction,  there  is  no  rimilar  dis- 
cordance as  we  proceed  downwards,  and  pass  from  one  to  another 
of  the  several  members  of  the  Jurassic  greup,  the  Upper,  Middle, 
and  Lower  Oolite,  and  the  Lias.  Thus,  for  example,  I  find  on 
consulting  Mr.  Etheridge's  tables  of  British  Fossils  *,  that  of  sixty 
species  of  all  classes  that  lived  in  the  period  of  the  Kimmeridge 
clay,  twenty,  or  about  33  per  cent,  pass  down  into  the  Coral  Bag ;  or, 
if  we  confine  our  attention  exclusively  to  the  mollnsca,  of  thirty- 
three  species  in  the  Kimmeridge  clay  eight,  or  24  per  ceuL,  ate 
common  to  the  Coral  Rag. 

HIDDLE   OOLITS. 

Coral  Rag. — One  of  the  limestones  of  the  Middle  Oolite  has  been 
called  the  "  Coral  Bag,"  because  it  consists,  in  part,  of  continuous 
beds  of  petrified  corals,  for  the  most  part  retainiog  the  posidon  in 
which  they  grew  at  the  bottom  of  the  sea.  In  their  forms  they  more 
frequently  resemble  the  reef-building  poliparja  of  the  Pacific  than 
do  the  corals  of  any  other  member  of  the  Oolite.  They  belong 
chiefly  to  the  geuen  Thecoimilia  (fig.  391.),  Prolotertt,  and  Tham- 
naitnta,  and  sometimes  form  masses  of  coral  15  feet  thick.  In  the 
annexed  figure  of  a  Tkamnastraa  (fig.  392.),  from  this  formation,  it 
will  be  seen  that  the  cup-shaped  cavities  are  deepest  on  the  right- 
hand  side,  and  that  they  grow  more  and  more  shallow,  nntil  those 
on  the  left  side  are  nearly  filled  up.  The  last-mentioned  stars  are 
supposed  to  represent  a  perfected  condition,  and  the  others  an  imma- 
tore  state.  These  coralline  strata  extend  through  the  c^careous 
hills   of  the  N.W.  of  Berkshire,  and  north  of  Wilts,  and   again 

■  Compiled  for  a  work  entitled,  "  Stntigrsphiul  Airangement  of  Britiih 
FaHib,"  now  preparing  for  pubUcstioii  by  Ur.  Etheridg*. 


396  C0EAL8  OF   THE   OOLITE.  [Ch.  IX. 

recor  in  Torkshire,  near  Scarborough.     The  Ottrea  gregarea  (fig. 
393.)  is  ver;  characteristic  of  the  formatiou  la  England  and  on  tie 

Continent. 


One  of  the  limestones  of  the  Jura,  referred  to  the  age  of  the 
English  coral-rag,  has  been  called  "  Nerinwar  limestone  "  (Calcaire 
^  N^rinees)  by  M.  Thirria  j  Nerinaa  being  an  extinct  genns  of 
uniralve  shells,  much  resembling  the  Cerithium  in  external  form. 
The  annexed  section  (fig.  394.)  shows  the  curious  form  of  the 
hollotr  part  of  each  whorl,  and  also  the  perforation  which  passes 
up  the  middle  of  the  columella.  A^  GoodkalUi  (fig.  395.)  is 
another  English  species  of  the  same  genns,  from  a  formation  which 


Conl  rag,  suepla  Athton. 


tterinma  Merogiypkica, 


seems  to  form  a  passage  from  the  Kimmeridge  clay  to  the  cor^ 
rag." 

A  division  of  the  oolite  in  die  Alps,  regarded  by  most  geologists 
as  coeval  with  the  English  coral  rag,  has  been  often  named  "  Cal- 
caire   &  Dicerates,"  or   "  Diceraa   limestone,"  from  ita    containiti'' 

*  fllttm,  Oeol.  Trans.,  Second  Seriei,  voL  it.  PL  93.  fig.  is. 
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■bundantly  a  bivalve  shell  (see  fig.  396.)  of  a  genus  allied  to  the 
Chama, 


Cut  or  DIaroi  Briitima.  CUarii  tanmala. 

Catling.  F™«.  Cor4lr.«. 

Oxford  Clay. — The  coralline  limestone,  or  "  coral  rag,"  above 
described,  and  the  accompanyiug  sandy  beds,  colled  "calcareous 
grits,"  of  the  Middle  Oolite,  rest  on  a  thick  bed  of  clay,  called  the 
"  Oxford  clay,"  aometimea  not  leas  than  500  feet  thick.  In  this 
there  are  no  corals,  but  great  abundance  of  cephalopoda,  of  the 
genera  Ammonite  and  Belemnite.   (See  figs.  398,  399.)     In  some  of 


the  finelj  laminated  clays  ammonites  are  very  perfect,  although 
somewhat  compressed,  and  are  frequently  found  with  the  lateral 
lobe  expanded  on  each  side  of  the  opening  of  the  mouth  into  a  single 
horn-like  pr<)jection  (see  fig.  399.).  These  were  discovered  in  the 
cuttings  of  the  Great  West«r]i  Railway,  near  Chippenham,  in  1841, 
and  have  been  described  by  Mr.  Pratt  (.^n.  Nat.  Hitt,  Nov.  1841). 


iD^toni, 
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Similu'  elongated  processes  huve  been 
also  observed  to  extend  from  the  shells  of 
some  belemnites  discovered  by  Dr.  Man  tell,  in 
the  same  claj  (see  fig.  400.),  who,  by  the  aid 
of  this  and  other  specimens,  has  been  able  to 
throw  much  light  on  the  structure  of  this  and 
other  singular  extinct  forms  of  cuttle-fish.* 

Ktlloway  roc*. — The  arenaceous  limestone 
which  passes  under  this  name  is  generally 
grouped  as  a  member  of  the  Oxford  clay,  in 
■which  it  forms,  in  the  south-west  of  England, 
lenticular  masses,  8  or  10  feet  thick,  con- 
Mining  at  Eelloway,  in  Wiltshir«,  numerous 
casts  of  ammonites  and  other  sheila.  But  in 
Yorkshire  this  calcareo-arenaceous  formation 
thickens  to  about  30  feet,  and  constitutes  the 
lower  part  of  the  Middle  Oolite,  extending 
inland  inm  Scarborough  in  a  southerly 
direction.  The  number  of  mollusca  which  it 
cont^ns  is,  according  to  Mr.  Etheridge,  106, 
of  which  onlj  twenty-three,  or  22J  per  cent., 
are  common  to  the  Oxford  clay  proper.  Of 
the  twen^  Cephalopoda,  eight  (namely,  one 
of  the  Sepia  family,  six  species  of  ammonite, 
and  the  Ancyloceras  Calloviense)  are  common 
to  the  Oxford  Clay,  giving  a  proportion  of 
40  per  cent. 

If,  on  the  other  band,  we  compare  the 
fossils  of  all  kinds  in  the  Kelloway  rock, 
amounting  to  151  species,  with  the  fossils  of 
the  underlying  Lower  Oolite,  we  find  that 
■CTcnty'four  pass  down  into  the  older  rocks, 
or  about  49  per  cenL  ;  or  if  we  confine  our 
attention  to  the  mollusca  alone  of  the  Kello- 
way considered  as  the  base  of  the  Middle 
Oolite,  and  compare  them  with  those  of 
the  Cornbrash,  or  the  top  member  of  the 
chi"iun  Lower  Oolit^  we  find  106  species  in  Uie 
Kelloway,  and  123  in  the  Cornbrash,  and 
twenty-two  species  common  to  the  two, 
»,e.  b^okrS  enKMntof  J     implying  a  community  of  21  per  cent.be- 

conlal  •hell  chIImI  ,  -  . 

iha    phrjitmoohc.     tween  the  two  formations. 

vlLliln,  or  annpotrd 

concMretflliplMcrd  LOWBB  OOLITE, 

tjT  "  ■Inhuncl'. 

'■  ■  shiEh*!!  ^'i^tJiTi^  Combraih     and    Forttt    Marble. — The 

oiitdifaabeiniDiit.     ^ppg,  dJYJsion  of  this  series,  which  is  more 

extensive  than  the  preceding  or  Middle  Oolite,  is  called  in  England 

*  See  PhiL  Tians.  18S0,  p.  398.;  also  Huxlej,  Memoirs  ofGeoL  Siutc/,  lost. 
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the  Cornbrash.  It  cousistB  of  cIajb  and  calcareons  sandstoties, 
wbiA  pus  doirnwordB  into  the  Foivst  Marble,  on  argillaceoas  lime- 
Btone,  abounding  in  marine  foasile.  In  some  pUces,  as  at  Bradford, 
this  limeetone  is  replaced  b;  a  mass  of  clay.  The  sandstones  of 
the  Forest  Marble  of  Wiltshire  are  often  ripple-marked  and  filled 
TJth  fragments  of  broken  shells  and  pieces  of  drift-wood,  having 
evideotlj  been  formed  on  a  coast  Bippled  slabs  of  fissile  oolite  are 
used  for  rooflng,  and  have  been  traced  over  a  brood  band  of  conntrj 
from  Bradford  in  Wilts,  to  Tetburj  in  Gloncestershire.  These 
calcareons  tile-stones  are  separated  from  each  other  by  thin  seams  of 
clsy,  which  have  been  deposited  npon  them,  and  have  taken  their 
fomi,  preserving  the  undulating  ridges  and  furrows  of  the  sand  ia 
aaclt  complete  integrity,  that  the  impressions  of  small  footsteps, 
ipparently  of  crustaceans,  which  walked  over  the  soft  wet  sands,  are 
eiill  visible.  In  the  same  stone  the  claws  of  crabs,  fragments  of 
echini,  and  other  signs  of  a  neighbouring  beach,  are  observed.* 

Grtal  Oolitt, — Although  the  name  of  coralri^;  has  been  appro- 
priated, as  we  have  seen,  to  a  member  of  the  Upper  Oolite  b^ore 
dsKribed,  some  portions  of  the  Lower  Oolite  are  equally  entitled  in 
many  places  to  be  called  coralline  limestones.  Thus  the  Great  Oolite 
near  Bath  contains  various  corals,  among  which  the  Eunomia  rudiata 
(l9g-  401.)  is  ver^  conepicnous,  single  individuals  forming  masses 


c-  portiHi  of  LDlatloiof  tnBuBUfuLBed,  ■hD«liagaul«tadHirrAC«. 

sevetxl  feet  in  diameter ;  and  having  probably  required,  like  the 
lu^e  existing  brain-coral  {Meatidrina)  of  the  tropics,  many  centuries 
before  their  growth  was  completed. 

DiSerent  species  of  crinoids,  or  stone-lilies,  are  also  common  in 
the  suae  rocks  with  corals  ;  and,  like  them,  must  have  enjoyed  a 
firm  bottonit  where  their  root,  or  base  of  attachment,  remained  nn- 
distorbed  for  years  (e,  fig.  402.).  Such  fossils,  therefore,  are  almost 
confined  to  the  limestones  ;  but  an  exception  occurs  at  Bradford, 
near  Batb,  where  they  are  enveloped  in  clay.  In  this  case,  however, 
it  appears  that  the  solid  upper  surface  of  the  "  Great  Oolite  "  bad 
supported,  for  a  time,  a  thick  submarine  forest  of  these  beautiful 

•  P.  Scrope,  QwL  Proceed.,  Uaich  1831. 
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Eoophytes,  nntil  tbe  clear  and  Btill  water  was  iavaded  by  a  cniretit 
charged  with  mud,  which  threw  down  the  Btone-liUes,  and  broke 


most  of  their  Bt«ms  short  off  near  the  point  of  attachment  The 
stumps  still  remain  in  their  original  position ;  but  the  numeroiis 
articulations,  once  composing  the  stem,  arms,  and  body  of  tbe 
encrinite,  wore  scattered  at  random  through  the  argillaceous  deposit 
in  which  some  now  lie  prostrate.  These  appearances  are  represented 
in  tbe  section  b,  fig.  402.,  where  the  darker  strata  represent  the 
Bradford  clay,  wbich  some  geologists  class  with  tbe  Forest  marble, 
others  with  tbe  Great  Oolite.  The  upper  surface  of  tbe  calcareous 
stone  below  is  completely  encrusted  over  with  a  continuous  pavement, 
formed  by  tbe  stony  roots  or  attachments  of  the  Crinoidea ;  and 
besides  this  evidence  of  the  length  of  time  they  had  lived  on  the 
spot,  we  find  great  numbers  of  single  joints,  or  circular  plates  of  the 


stem  and  body  of  the  encrinite,  covered  over  with  terpula.  Now 
these  lerpula  could  only  have  begun  to  grow  after  tbe  death  of  some 
of  the  stone-lilies,  parts  of  whose  skeletons  bad  been  strewed  over 
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the  floor  of  the  ocean  before  the  irruption  of  ai^Ulaceoue  mud.  In 
some  inetances  we  find  that,  after  tiie  parasitic  ttrpttla  were  full 
grown,  they  hod  become  incnisted  over  with  a  bryozoan,  called  Dia- 
staporadibtviana:  and  man;  generations  of  these  molluscoida  had 
ancceeded  each  other  in  the  pure  water  before  they  became  fossil. 

We  may,  therefore,  perceive  distinctly  that,  as  the  pines  and  cyca- 
deons  plants  of  the  ancient  "  dirt-bed,"  or  fossil  forest,  of  the  Lower 
Pnrbeck  were  killed  by  snbmergence  nader  fresh  water,  and  soon 
bnried  beneath  mnddy  sediment,  so  an  iavasion  of  argillaceous 
matter  put  a  sndden  stop  to  the  growth  of  the  Bradford  Encrtnites, 
and  led  to  their  preservation  in  marine  strata,* 

Such  differences  in  the  fossUa  as  distinguish  the  calcareous  and 
argillaceous  deposits  fVom  each  other,  would  be  described  by  natu- 
ralists as  arising  out  of  a  difference  in  the  ita&ms  of  species  ;  but 
besides  these,  there  are  variations  in  the  fossils  of  the  higher,  middle, 
and  lower  part  of  the  oolitic  series,  which  must  be  ascribed  to  that 
great  law  of  change  in  organic  life  by  which  distinct  assemblages  of 
species  hare  been  adapted,  at  soccessive  geological  periods,  to  the 
varying  conditions  of  the  habitable  surface.  In  a  single  district  it  is 
difficult  to  decide  how  far  the  limitation  of  species  to  certain  minor 
formations  has  been  due  to  the  local  influence  of  ttatioiu,  or  how  far 
it  has  been  caused  by  time  or  the  creative  and  destroying  law  above 
alluded  to.  But  we  recognize  the  reality  of  the  last-mentioned  influ- 
ence, when  we  contrast  the  whole  oolitic  series  of  England  with  that 
of  parts  of  the  Jura,  Alps,  and  other  distant  regions,  where  there  is 
scarcely  any  lithological  resemblance  ;  and  yet  some  of  the  same 
fossils  remain  peculiar  in  each  country  to  the  Upper,  Middle,  and 
Lower  Oolite  formations  respectively.  Mr.  Thurmann  has  shown 
how  remarkably  this  fact  holds  true  in  the  Bernese  Jura,  although 
the  argillaoeouB  divisions,  so  conspicuous  in  England,  are  feebly  re- 
presented there,  and  some  entirely  wanting. 

The  Bradford  clay,  above  alluded  to,  is  sometimes  60  feet  thick, 
but  in  many  places  it  is  wanting  ;  and  in  others,  where  there  are 
no  limestones,  it  cannot  easily  be  separated  from  the  clays  of  the 
overlying  "  forest  marble  "  and  underlying  "  fuller's  earth." 

The  calcareous  portion  of  the  Great  Oolite  consists  of  several 
shelly  limestones,  one  of  which,  called  the  Bath  Oolite,  is  much  cele- 
brated as  a  building-stone.  In  parts  of  Gloacentershire,'  especially 
near  Mincbinhampton,  the  Great  Oolite,  says  Mr.  Lycett,  "  must  have 
been  deposited  in  a  shallow  sea,  where  strong  currents  prevailed,  for 
there  ore  frequent  changes  in  the  mineral  character  of  the  deposit, 
and  some  beds  exhibit  false  stratification.  In  others,  heaps  of  broken 
shells  are  mingled  with  pebbles  of  rocks  foreign  to  the  neighbour- 
hood, and  with  fragments  of  abraded  madrepores,  dicotyledonous 
wood,  and  crabs'  claws.  The  shelly  strata,  also,  have  occasionally 
suffered  denudation,  and  the  removed  portions  have  been  replaced  by 
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cl&7."  *    In  such  shaUov-water  beds  sfadls  of  ihe  genera  Patdia, 
NerUa,  Rimula,  and  Cylindritet  are  common  (see  figs.  406.  to  409.)-, 
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while  cepbalopods  are  rare,  and,  instead  of  ammonites  and  belen- 
nites,  numerous  genera  of  carnivorous  trachelipods  appear.  Out  of 
142  species  of  uDivalves  obtained  from  the  Minchiubampton  bedi, 
Mr.  Lycett  found  no  less  than  41  to  be  carnivorooB.  They  belong 
principallj  to  the  genera  Buceinum,  Meurotoma,  Botteltaria,  Mura. 
Purpwroidea  (fig.  405.),  and  Futus,  and  exhibit  a  proportion  of 
zooph^ouB  species  not  very  different  fVom  that  which  obtains  in 
warm  seas  of  the  Recent  period.  These  Eoological  results  are 
curious  and  unexpected,  since  it  was  imagined  that  we  might  VkV 
in  vain  for  the  carnivorous  trachelipods  in  rocks  of  auch  high  anti- 
quity as  the  Great  Oolite,  and  it  was  a  received  doctrine  th&t  ^«T 
did  not  begin  to  appear  in  considerable  numbers  till  the  Eocene 
period,  when  those  two  great  families  of  cephalopoda,  the  mmmonitej 
and  belemnites,  bad  become  extinct. 

Sbmeijield  tlau. — The  slate  of  Stonesfield  has  been  shown  b; 
Mr.  Lonsdale  to  lie  at  the  base  of  the  Grest  Oolite. 'f  It  is  a  aligbtlf 
oolitic  shelly  limestone,  forming  large  lenticular  masses  embedded  in 
sand,  only  6  feet  thick,  but  very  rich  in  organic  remains.  It  con- 
tains some  pebbles  of  a  rock  very  similar  to  itself,  and  wliich  mav 
be  portions  of  the  deposit,  broken  up  on  a  shore  at  low  water  or 
during  storms,  and  redeposited.  The  remains  of  belemnites,  tri- 
gonin,  and  other  marine  shells,  with  fragments  of  ^rood,  are  eoromoo, 
and  impressions  of  ferns,  cycadeas,  and  other  plants.   Several  insect^ 
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aleo,  and,  amoog  the  rest,  the  winf -cototb  of  beetles,  are     pig.  41a. 
perfectly  preserved  (see  flg.  410.),  some  of  them  approach- 
iog  nekrly  to  the  genus  BupratU.*     The  rem&ins,  also,  of   j 
mxaj  geners  of  reptiles,  such  as  I^eio»aur,  Crocodile,  and    I 
PttTodaetjfl,  have  been  discorered  la  the  same  limestone.      I 
But  the  remarkable  fossils  for  which  the  Stooesfield   ' 
slftte  is  moat  celebrated  are  those  referred  to  the  mam- 
miferoas  class.     The  student  should  be  reminded  that  in 
all  the  rocks  described  in  the  preceding  chapters  as  older 
than  the  Eocene,  no  bones  of  any  land-qnadruped,  or  of  ^^^i^ 
toy  cetacean,  had  been  discorered  until  the  Spalaeothe-  stooetiieid, 
rmm  of  the  Pnrbeck  beds  came  to  light  in  1854  (see  above,  p.  379.). 
Tet  we  have  seen  that  terreatrial  planta  were  not  rare  in  the  lower 
cretaceoos  formatioD,  and  that  in  the  Wealden  there  was  evidence  of 
freshwater  sediment  on  a  large  scale,  containing  various  plants,  and 
even  ancient  vegetable  soils.     We  had  also  in  the  same  Wealden 
many  land-reptiles  and  winged  insects,  which  render  the  abeenoe  of 
terrestrial  quadrupeds  the  more  striking.     The  want,  however,  of 
any  bones  of  whales,  seals,  dolf^ns,  and  other  aquatic  mammalia, 
whether  in  the  chalk  or  in  the  upper  or  middle  oolite,  is  certainly 
still  more  remark^le.     Formerly,  indeed,  a  bone  from  the  Great 
Oolite  of  Enstooe,  near  Woodstock,  in  Oxfordshire,  was  cited,  on  the 
aothority  of  Cuvier,  as  referable  to  this  class.    Br.  Buckland,  who 
stated  ^is  in  bis  Bridgewnter  Treatise -{-,  had  the  kindness  to  send 
me  the  supposed  ulna  of  a  whale,  that  Pro£  Owen  might  examine 
into  its  claims  to  be  considered  as  cetacean.     It  ia  the  opinion  of 
,hat  eminent  comparative  anatomist  that  it  cannot  hare  belonged  to 
;he  cetacea,  because  the  fore-arm  in  these  marine  mammalia  is  in* 
ibly  much  flatter,  and  devoid  of  all  muscular  depressions  and 
idges,  one  of  which  is  so  prominent  in  the  middle  of  this  bone, 
-eprebented  in  tfae  annexed  cut  (fig.  411.).     In  sanrians,  on  the  con- 


Bone  or>a«[Ua,nimeririiippiiiHi  in  bsuieuiniioriici't.reu;  O^ntbt  CiHlOollt* 

oi  BbKod*,  aar  WSoduoek.; 

trary,  such  ridges  exist  for  the  attachment  of  muscles  ;  and  to  some 
animal  of  tiiat  class  the  bone  is  probably  referable. 

*  8m  BoekUnd'i  Bridgewator  Trea.  beloaR  to  PrUmu*. 
tUe ;  sad  Brodie'*  Fonll  iDiccto,  where      t  Vol  i.  p.  1  IS. 

it  is  niggvited  thM  thcK  elytra  ma; 
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These  obserTttiona  are  made  to  prepare  the  reader  to  appreciate 
more  justly  the  interest  felt  hy  every  geologist  in  the  discovery  in 
the  Stonesfield  elate  of  no  leas  than  ten  specimens  of  lower  jaws  of 
mammiferons  qnadrupeds,  belonging  to  four  different  species  and  to 
three  distinct  genera,  for  which  the  munes  of  AmphUherium,  Fhaico- 
lotherium,  and  Stereognathtu,  have  been  adopted.  When  Cmier  ns« 
first  shown  one  of  these  tbssils  in  1818  (namely,  the  AmphUhtnunt), 
he  pronounced  it  to  belong  to  a  amaU  ferine  mammal,  with  a  jaw 
much  resembling  that  of  an  opossum,  but  differing  trom  all  known 
ferine  genera  in  the  great  number  of  the  molar  teeth,  of  which  it 
had  at  least  ten  in  a  row.  Since  tAat  period  a  much  more  perfect 
specimen  of  the  same  fonsil,  obtained  by  Dr.  Buckland  (see  fig.  412.), 
has  been  examined  by  Professor  Owen,  who  finds  that  the  jaw  cos- 
tained  on  the  whole  twelve  molar  teeth,  with  the  socket  of  «  amall 
canine,  and  three  small  incisors,  which  are  m  ritit,  altc^ether  aaiount- 
ing  to  sixteen  teeth  on  each  side  of  the  lower  jaw. 

The  only  question  which  could  be  raised  respecting  the  nature  of 
these  fossils  was,  whether  they  belonged  to  a  mammifer,  a  reptile,  or 
a  fish.  Now  on  this  head  the  osteologist  observes  that  each  of  the  half 
jaws  in  question  is  composed  of  but  one  single  piece,  and  not  of  two 
or  more  separate  bones,  as  in  fishes  and  most  reptiles,  or  of  two  bones 
united  by  a  suture,  as  in  some  few  species  belongii^  to  those  classes. 


The  condyle,  moreover  (A,  fig.  412,'),  or 
articular  surface,  by  which  the  loww  jaw 
unites  with  the  upper,  is  convex  in  the 
Stouesfield  specimens,  and  not  coacmve  as 

NSJSiwT'ti'XTSii^taS:  in  fishes  and  reptiles.  The  coronoid  pro- 
ceBS(a,  fig.  412.)is  well  developed,  whereof 

it  is  wanting,  or  very  small,  in  the  inferior  classes  of  vertebrata. 

Lastly,  the  molar  teeth  in  the  Amphilkerium  and  I^ateolotkmKm 

have  complicated  crowns  and  two  roots  (see  d,  fig.  412.),  iastekd  of  i 

being  simple  and  with  single  fangs.* 

*  I  have  gif  en  a  figara  in  the  Priii>    Pnoattii,  in  whidi  the  nc^cta  and  roon 
ciplea  of  Qeology,  chip,  ix.,  of  snotfaer    of  the  teeth  ue  finely  "TtniLiL 
SlOQeifl«ld   ipecimcn  of  Am^itiitrnat 
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The  only  question,  therefore,  which  could  &irly  admit  of  contro- 
Teraj  wu  limited  to  this  poiat,  whether  the  fossil  mammalia  found 
in  the  Lower  Oolite  of  Oxfordshire  ought  to  be  referred  to  the  mar- 
supial quadrupeds,  or  to  the  ordinarj  placental  series.  Cuvier  had 
long  ago  pointed  out  a  peculiarity  in  the  form  of  the  angular  process 
(e,  figs.  417.  and  418.)  of  the  lower  jaw,  as  a  eharacter  of  the  genus 


Didelphps;  and  Professor  Owen  has  since  confirmed  the  doctrine  of 
its  generality  in  the  entire  marsnpial  series.  In  all  these  pouched 
quadrupeda  this  process  is  turned  inwards,  ae  At  e  d,  fig.  417.  in  the 
Brazilian  opossum,  whereas  in  the  placental  series,  as  at  c,  figs.  415. 
and  416.,  there  is  an  almost  entire  absence  of  such  infiection.  The 
TVpoia  Tana  of  Sumatra  has  been  selected  by  my  friend  Mr.  Water- 
house  for  this  itluatration,  because  the  jaws  of  that  small  insectivo- 
rous quadruped  bear  a  great  resemblance  to  those  of  the  Stonesfield 
Amphilherium.  By  clearing  away  the  matrix  from  the  specimen  of 
Ampkitkerium  Prevostii  above  represented  (tig.  412.),  Professor  Owen 
ascertained  that  the  angular  process  (c)  bent  inwards  in^  a  slighter 
degree  than  in  any  of  the  known  mareupialia  ;  in  short,  the  inflection 
does  not  exceed  that  of  the  mole  or  hedgehog.  This  fact  made  him 
doabt  whether  the  Amphilherium  might  not  be  an  insectivorous 
placental,  although  it  offered  some  points  of  approximation  in  its 
osteology  to  the  marsupials,  especially  to  the  Myrmecobiut,  a,  small 
iasectiTorous  quadruped  of  Australia,  which  has  nine  molars  on  each 
tide  of  the  lower  jaw,  besides  a  canine  and  three  incisors.* 

Another  species  of  jimphitherium  has  been  found  at  Stonesfield 
(fig.  413.  p.  404.),  which  differs  from  the  former  (fig.  412.)  princi- 
pally in  being  larger. 

*  A  figure  of  this  recent  Myrmteoiiui  will  be  foond  in  the  Frinciplet,  chap.  iz. 
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The  second  munmiferous  geaui  diacOTerad  in  th«  game  lUtM  vu 
nwned  (H-iginally  hj  Mr.  Broderip  DixUpluf*  BvckloMtH  (see  fig. 


a.  Bituril  tlia.  t.  Bailu  of  ■»■*,  iHtallad. 

419.),  and  hu  since  been  called  PhateoloAerium  \iy  Owen.  It  mani- 
fests a  much  stronger  likeness  to  the  marsupials  in  the  general  form 
of  the  j  aw,  and  in  the  extent  and  position  of  its  inflected  angle,  while 
the  agreement  with  the  living  genus  Didtlphjft  in  the  number  of  the 
pre-molar  and  molar  teeth  is  complete.* 

Id  1B.'>4  the  remains  of  another  mammi&r,  smalt  in  sise,  but 
larger  than  an^  of  those  previouslj  known,  was  annonuced  by  Mr. 
Charlesworth  ^  the  British  Association  as  having  been  obtained 
many  years  before  fhim  the  StonesBeld  slate  by  the  Bev.  J.  F. 
Dennis.  This  fossil,  to  which  the  generic  name  of  SUreognalktu 
was  given,  consisted,  as  is  nsualty  tiie  ease  in  these  old  rocks  (see 
above,  p.  383.),  of  part  of  a  lower  jaw,  in  which  were  implanted 
three  double-fanged  teeth,  difTering  in  structare  from  thoae  of  all 
other  known  recent  or  estinct  mammals.  According  to  Professor 
Owen,  the  molar  of  Pliol^hus,  a  small  extinct  herbivorous  genus  of 
the  London  clay,  makes  Uie  nearest  approach  to  iL  The  form  and 
stmcture  of  the  teeth  in  StereogntUkuM  seemed  to  imply  that  this 
quadruped  possessed  a  higher  organization  than  any  other  secondary 
mammal  yet  discovered,  but  the  doubts  entertained  respecting  its 
true  affinities  afford  a  somewhat  disappointing  illustration  of  the 
limited  extent  to  which  Cuvier's  law  of  correlation  or  the  co- 
existence of  animal  structures  is  available  in  paUeontology.  Given 
a  lower  jawbone  with  three  perfect  molar  teeth,  having  two  or 
more  fangs  each  implanted  in  separate  sockets,  to  find  the  rest  of 
tbe  oi^anization,  or  at  least  to  determine  the  family  and  sub-class  to 
which  the  animal  belonged — such  being  the  problem,  Professor  Owen 
tells  us  that  he  believes  that  Stereognathus  was  hoofed,  herbivorous, 
and  placental,  but  he  adds,  that  for  anything  that  physiological 
science  can  prove  to  the  contrary,  it  may  have  been  unguicolate, 
insectivorous,  and  marsupial  !  f 

Frofessor  Owen  has  remarked  that,  as  tbe  marsupial  genera,  to 
which  the  FhoMcolotherhtm  ia  moet  nearly  aUied,  are  now  confined 
to  New  South  Wales  and  Tan  Diemen's  Land,  so  also  is  it  in  tbe 
Australian  seas  that  we  find  the  Ctslraeion,  a  cartilaginous  fish 
which  has  a  bony  palate,  allied  to  those  called  Acrodut  (see  fig.  4A3. 
p.  419.)  and  Stropkodut,  so  common  in  the  Oolite  and  Lias.    In  the 


*  OvBn'i  Kidth  Fouil  Munm&li,  p.  6!. 
t  Oweu'i  Fileontolog;,  leamd  eiL,  p.  348. 
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tame  AnrtnliAn  seaa,  also,  near  th«  shore,  ve  find  the  living  Tri- 
ffonia,  a  genas  of  moUusca  eo  frequently  met  with  in  the  Stonesfield 
alate.  So,  also,  the  Araucarian  pines  are  now  abundant,  together 
with  ferns,  ia  Australia  and  its  islands,  as  thej  were  in  Europe  in 
the  Oolitic  period  (see  fig.  421.).  Endogens  of  the  most  perfect 
structure  are  met  with  in  oolitic  cocks,  as,  for  example,  the  Podo- 
earya  at  BuckUnd,  a  fruit  allied  to  the  Pandanm,  found  in  the 
Inferior  Oolite  (see  fig.  420.). 


The  Stonesfield  sUte,  in  its  range  from  Oxfordshire  to  the  north- 
east, is  represented  b^  flaggj  and  fissile  sandstones,  as  at  CollTweston 
in  Northamptonshire,  where,  according  to  the  researches  of  Messrs. 
Ibbetson  and  Morris  •,  it  contains  many  shells,  such  as  Trigonia 
anffulala,  also  found  at  Stonesfield.  But  the  Northamptonshire 
strata  of  this  age  assume  a  more  marine  character,  or  appear  at  least 
to  have  been  formed  farther  from  land.  They  enclose,  however, 
some  fossil  ferns,  such  a^^  Pecopteru  palypodioides,  of  species  commou 
to  the  oolites  of  the  Yorkshire  coast,  where  rocks  of  this  age  put  on 
all  the  aspect  of  a  true  coal-field  ;  thin  seams  of  coal  having  actually 
been  worked  in  them  for  more  than  a  century. 

In  the  north-west  of  Yorkshire,  the  formation  alluded  to  consists 
of  an  upper  and  a  lower  carbonaceous  shale,  aboanding  in  impressions 
of  plants,  divided  by  a  limestone  considered  by  many  geologists  as 
the  representative  of  the  Great  Oolite  ;  but  the  scarcity  of  marine 
fossils  makes  all  comparisons  with  the  subdivisions  adopted  in  the 
south  extremely  difficult.  A  rich  harvest  of  fossil  ferns  has  been 
obtained  from  the  upper  carbonaoeona  shales  and  sandstones  at 
Gristhorpe,  near  Scarborongh  (see  figs.  384,  385.).  The  lower 
shales  are  well  exposed  in  the  eea-cUfis  at  Whitby,  and  are  chiefly 
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chmracteriied  by  ferns  and  cycadetB.  They  contain,  also,  a  species 
of  calamit«,  and  a  fosEil  called  Equuetum  coiumnare,  which  main- 
tains an  upright  position  in  sandstone  strata  over  a  wide  area. 
Shells  of  Ettheria  aod    Unw,  collected  by  Mr.  Bean  from  theso 


BrmtuUtn  Brtinill,  Goepp. 
,  Loxr  Oolitic  Onxti 

Yorkshire  coal-bearing  beds,  point  to  the  estuary  or  flnviatile  origin 
of  the  deposit. 

At  Brora,  in  Sutherlandshire,  a  coal  formation,  probably  coeval 
with  the  above,  or  belonging  to  aome  of  the  lower  divisions  of  the 
Oolitic  period,  has  been  mined  extensively  for  a  century  or  more. 
It  afibrda  the  thickest  stratum  of  pure  vegetable  matter  hitherto 
detected  in  any  secondary  rock  in  England.  One  seam  of  coal  of 
good  quality  has  been  worked  3^  feet  thick,  and  there  are  several 
feet  more  of  pyrilous  coal  resting  upon  it, 

Fuller't  Earth  (A,  Tab.,  p.  376.).— Between 
"«■*"•  the  Great   and  Inferior  Oolite,  near  Bath,  an 

argillaceous  deposit,  called  "  the  fuller's  earth," 
occurs  ;  but  it  is  wanting  in  the  North  of  Eng- 
land, It  abounds  in  the  small  oyster  represented 
iu  fig.  424.  The  number  of  mollnsca  known  in 
this  deposit  is  only  22,  viz.  17  lamelli branchiate 
bivalves,  4  Brachiopods,  and  I  Cepbalopod 
{BelentniUi  giganteta). 
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Inferior  Oolite. — This  formation  consists  of  a  calcareous  freestone, 
Dsually  of  small  thickness,  which  sometimes  rests  upon,  or  is  re- 
placed bj,  yelloir  sands,  called  the  sands  of  the  Inferior  Oolite. 
TfiMe  last,  ia  their  turn,  repose  upon  the  lias  in  the  south  and  west 
of  England.  Among  the  characteristic  shells  of  the  Inferior  Oolite, 
Ims/ioBtance  Terebratula  fimbria  i&%.  425.),  Rhj/nehonella tpinota 
(fig.  426.),  and  PkoUulomya^icula  (fig.  427.)-     The  extinct  genus 


IT  Oollu,  BngttiuL 
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PltUTotomaria  is  alao  »  form  very  common  in  this  division  aa  well 
u  in  the  Oolitic  sTstem  generally.  It  resembles  the  Trochtu  in 
form,  but  is  marked  by  a  deep  cleft  (a,  tig.  428.  and  429.)  on  one 


AwBuaiUei  BumphrttlUHU,  Sov. 
lotarior  doUu. 

tide  of  the  month.    The  Coltyriie*  ringent  (fig.  430.)  ia  an  Echi> 
Qodenn   common  to  the  Inferior  Oolite  of  England  and  France, 
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at  are  the  two  AmnioDitec  of  wbich  reprMeaUtions  are  here  given 
(^figa.  431,  432.)- 


JmmBnOrt  HmJIrtntidrti.aow.  Ottrta  tlarUii.    InW.  ■)». 

Odllw.  ScttlKirougli  HUdIt  and  LoirH  Oolru.  or  rautinc 

iDf.  Ool..  DuDdrji  Cdndoii  kc  mm  Cotal  Bif  to  CoraMuli. 

PahBoMological  rtlationt  of  the  Oolitic  strata. — Observations  have 
already  been  made,  p.  343.,  on  the  distinctnesa  of  the  organic  remains 
nf  the  Oolitic  and  Cretaceons  strata,  and,  at  pp.  395.  and  398.,  of 
the  proportion  of  species  common  to  the  Upper  and  Middle,  and  to 
the  Middle  and  Lower  Oolite.  Between  the  latter  and  the  Lisa  there 
is  a  somewhat  greater  break,  for  out  of  120  molluscaof  the  Upper  Lias, 
13  species  only  paea  np  into  the  Inferior  Oolite.  Profesaor  Banutay 
has  called  our  attention  to  an  important  generalization  not  Jjret 
alluded  to,  namely,  that  there  are  at  present  wider  breaks  between 
FOme  of  our  minor  an bdi visions,  and  eapeciallj  between  the  Inferior 
and  the  Great  Oolite,  palKontoIogicallj  considered,  than  between 
what  we  generally  regard  as  divisions  of  a  higher  order,  such  as  the 
Lower,  Middle,  and  Upper  Oolites.  Thus,  for  example,  there  are, 
according  to  Mr.  Etberidge's  tables,  518  apecies  of  mt^usca  known 
in  the  Great  Oolite  and  370  in  the  Inferior,  and  of  these  only  93,  or 
about  1 2  per  cent.,  are  common  to  the  two ;  and,  what  is  very  re> 
markable,  of  39  species  of  Cephalopoda  known  in  the  Inferior  Oolite, 
only  one  passes  upwards  into  the  Great  Oolite,  namely,  Belemnilei 
ffiffanteut,  and  it  has  been  queetioned  by  some  palBontologiste  whe- 
ther even  this  Belemnite  has  really  been  found  in  the  Upper  of  the 
two  formationa.  This  diatinctness  of  the  Cephalopoda  ia  the  more 
striking,  because  both  the  Great  and  Inferior  Oolites  are  calcareous 
formations,  and  we  cannot,  therefore,  account  for  the  difference 
of  species  hy  any  marked  dissimilarity  in  the  nature  of  the  sea- 
bottom.  Aa  to  the  intervening  Fuller's  Earth,  it  affords  ua  but  little 
information  in  regard  to  the  condition  of  marine  life,  having  yielded 
at  present  only  22  moUasca,  as  before  mentioned  (p.  408.). 

Willie,  therefore,  the  break  between  two  great  members  of  the 
Lower  Oolite  ia  ezpreseed  by  saying  that  the  proportion  of  species  in 
common  only  amounts  to  12  per  cent.,  we  have  seen  that  there  is  a 
connection  of  24  per  cent,  between  the  Upper  and  Middle,  and  21  per 
cent,  between  the  Middle  and  Lower  Oolite  ;  in  other  words,  there 
is  twice  as  great  a  connection  between  our  larger  divisioae  as  be- 
tween two  separate  members  of  one  of  them. 
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In  illDstration  of  shells  haviog  a  great  vertical  range,  it  may  be 
itated  that  in  England  4  species,  and  4  only,  are  known  to  pasH  up 
from  the  Lower  to  the  Upper  Oolite,  namely,  RhynehoneUa  ob$oleta, 
/Mhodomiu  ineltaut,  PAolad&mya  aoalu,  and  Trigonia  elongala. 

Of  all  the  Jurassic  Ammonites  of  Great 
BrictUD,  A  JfacrocepAofw,  ScUoth,  which  is  Pii-<«- 

common  to  the  Great  Oolite  and  Oxford  Clay, 
luu  the  widest  range. 

That  most  of  the  andden  changea  of  species 
were  due  to  migration,  may  be  inferred,  as 
Prof.  Eamsay  remarks,  f^om  the  fact  that,  after 
diMppearing  from  an  intermediate  formation, 

they  often  reappear  in  a  higher  one.    But  the  

phenomena,  on  the  whole,  indicate  a  constant  ^'*sSSS.™nri!'Slf*'' 
iljing  out  of  pre-ezistiug  species  and  a  coming  ''""  °°"^^  """^ 
in  of  new  ones.  We  have  every  reason  to  con- 
clude that  the  gaps  which  occar,  both  between  the  larger  and 
•mailer  sections  of  the  English  Oolites,  imply  intervals  of  time, 
elsewhere  represented  by  fossiliferous  strata,  although  no  deposit 
miy  have  token  place  in  the  British  area.  This  conclusion  is 
warranted  by  the  partial  extent  of  many  of  the  minor  and  some  of 
ihe  lai^er  divisions  evea  in  England.  "  Thna,  the  Inferior  Oolite,"  says 
Prof.  Bamsay,  "  attains  its  maximnm  development  near  Cheltenham, 
'*here  it  can  be  subdivided  into  at  least  three  parts.  Passing  north, 
the  two  lower  divisions,  each  more  or  less  characterized  by  its  own 
fossils,  disappear,  and  the  rag-stone,  north-east  of  Cheltenham,  lies 
■lirectly  npOD  the  Lias,  apparently  as  conformably  as  if  it  formed 
il«  trne  and  immediate  sncoessor.  In  Dorsetshire,  on  the  coast,  the 
«riea  is  again  perfect,  though  thin.  Near  Chipping  Norton,  in 
Oxfordshire,  the  Inferior  Oolite  disappears  altogether,  and  the 
Great  Oolite,  having  first  overlapped  the  Fuller's  Earth,  passes 
across  the  Inferior  Oolite,  and  in  its  turn  seems  to  lie  on  the  Upper 
Lias  with  a  regularity  as  perfect  as  if  no  foraiatiou  anywhere  in  the 
neighbourhood  came  between  them.  In  Yorkshire  the  changed  type 
of  the  Inferior  Oolite,  the  prevalence  of  sands,  land-plants,  and  beds 
of  coal,  leave  no  donbt  of  the  presence  of  terrestrial  surfaces  on 
which  the  plants  grew,  and  all  these  phenomena  lead  to  the 
<%DclDflion  that  various  and  considerable  oscillations  of  level  took 
place  in  the  British  area  during  the  deposition  of  the  strata,  both 
(>f  the  Inferior  Oolite  and  of  the  formations  that  immediately 
racceed  it."  • 

Ur,  Howell  has  pointed  out  that  in  Bedfordshire  the  Combrash 
■nd  Kellowsj  rock  are  sometimes  both  absent,  and  the  Oxford  clay 
rests  conformably  on  the  Great  Oolite,  showing,  like  the  examples 
before  cited,  that  conformity  is  no  proof  of  direct  sequence,  and 
aiding  na  more  and  more  to  conceive  that  the  changes  in  the  organic 

*  GeoL  Qnsrt  Joum.,  vol.  xs.  p,  56.    1864. 
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world  maj  in  reality  have  been  ^kdual  and  nn  in  terra  pted,  altbough 
the  fragmentary  character  of  the  records  handed  down  to  us  might 
lead  aa  to  infer,  unless  we  were  coDstantlj  on  our  guard  t^ainst 
being  deceived,  that  there  had  been  manj  general  and  sudden 
breaks  in  the  recording  process,  and  abrupt  transitions  from  one  set 
of  organic  types  to  another. 


n,g,t,7.dt,G00glc 
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CHAPTER  XXI. 

JURASSIC  asocp — continued,     lias. 

Hiicral  chMacier  of  Lisa — Nameratu  lacceuiTe  Zonea  fa  the  list,  m«rked  bj 
diitinct  fbssiU,  withoat  DucoDrormh;  in  the  atrstificatioa,  or  change  in  the 
mineral  cbarscler  of  the  depoaita — None  of  GiTphite  limestone — Fouil  ahelb 
and  flih — BndiatA — IchtfajodoraliCei— Bepttlea  of  the  Litu — Ichthjoaanc  and 
PlenoMor — Marine  Keptileof  the  Galapagos  lalandt— Sadden  deetruction  and 
borial  of  foaail  animal*  in  Uaa — Flniio-mArine  beds  in  GlonceatenhirOi  and 
iDNct  limeHODe—Foaail  ptanta — Origin  of  the  OoUl«  and  Liai,  and  of  alteN 
Dating  calcaiwna  and  argiUaceooa  fbnnationt. 

Lus. — The  English  provincial  name  of  Lias  has  been  vety  generally 
adopted  for  a  formation  of  argillaceous  limestone,  marl,  and  clay, 
which  forms  (he  base  of  the  Oolite,  and  is  classed  by  many  geolo- 
gists as  part  of  that  group.  They  pass,  indeed,  into  each  other  in 
wine  places,  as  near  Bath,  a  sandy  marl  called  the  marlstone  of  the 
Lias  being  interposed,  and  partaking  of  the  mineral  characters  of 
the  lias  and  the  inferior  oolite.  These  last-mentioned  divisions 
bave  also  some  fossils  in  common,  such  as  the  Avicuia  intequivalvu 
(Sg.  435.).     Nevertheless  the  Lias  may  be  traced  throughout  a  great 

Flf.UG. 


Lncr  OeUu,  ■Bd  Uu.  Uu,  aioucuUn^lr*  uid  Tukihlre. 

part  of  Europe  as  a  separate  and  independent  group,  of  consider- 
able thickness,  varying  from  500  to  1000  feet,  containing  many 
peculiar  fossils,  and  having  a  very  uniform  lithological  aspect. 
AlthoQgh  usually  conformable  to  the  oolite,  it  is  sometimes,  as 
in  the  Jnra,  an  conform  able.  In  the  environs  of  Lons-le-Saalnier, 
for  instance,  in  the  Department  of  Jura,  the  strata  of  Lias  are 
inclined  at  aa  angle  of  about  45°,  while  the  incumbent  oolitic  marls 
are  horizon  tab 
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The  peculiar  aspect  which  is  most  characteristic  of -the  Lias  in 
England,  France,  and  Germany,  is  an  alternation  of  thin  beds  of 
blue  or  grey  limestone,  baying  a  surface  which  becomes  light-broirn 
when  weathered,  these  bedd  being  separated  bydark-colonred,  narrow 
argillaceous  partings,  so  that  the  quarries  of  this  rock,  ata  distance, 
assume  a  striped  and  riband-like  appearance." 

The  Lias  has  been  divided  in  England  into  three  formations,  the 
Upper,  Middle,  and  Lower.  The  Upper  Lias  consists  first  of  sands, 
which  were  formerly  regarded  as  the  base  of  the  Oolite,  but  which, 
according  to  Dr.  Wright,  are  by  their  fossils  more  properly  refer- 
able to  the  Lias  ;  secondly,  of  clay  shale  and  thin  beds  of  limestone. 
The  Middle  Lias,  or  marlstone  series,  has  been  divided  into  three 
zones  ;  and  the  Lower  Lias,  according  to  the  labours  of  QuenBt«dt, 
Oppel,  Strickland,  Wright,  and  others,  into  six  zones,  each  marked 
by  its  own  group  of  fossils.  This  Lower  Lias  aTeragee  from  600 
to  900  feet  in  thickness. 

From  Devon  and  Dorsetshire  to  Yorkshire  all  theae  divisions, 
observes  Professor  Ramsay,  are  constant;  and  from  bottom  to  top 
we  cannot  assert  that  anywhere  there  is  actual  unconformity 
between  any  two  subdivisions,  whether  of  the  larger  or  smaller 
kind.  In  ^e  whole  of  the  English  Lias,  there  are  about  243 
genera,  and  467  known  species.f  The  whole  series  has  been  divided 
by  zones  characterized  by  particular  ammonites  ;  for  whUe  other 
families  of  shells  pass  from  one  division  to  another  in  numbers 
varying  from  about  20  to  50  per  cent.,  these  cepbalopods  are  almost 
always  limited  to  single  zones,  as  Quenstedt  and  Oppel  have  shown 
for  Germany,  and  Dr.  Wright  for  England.} 

As  no  actual  unconformity  is  known  from  the  bottom  of  the 
Lower  to  the  top  of  the  Upper  Lias,  and  as  there  is  a  marked 
uniformity  in  the  mineral  character  of  almost  all  the  strata,  it  is 
somewhat  difficult  to  account  even  for  sach  partial  breaks  as  have 
been  allnded  to  in  the  succession  of  species,  if  we  reject  the  hy- 
pothesis that  the  old  species  were  in  each  case  destroyed  at  the  close 
of  the  deposition  of  the  rocks  containing  them,  and  replaced  by  the 
creation  of  new  forms  when  the  sncceeding  formation  began.  I 
agree  with  Professor  Ramsay  in  not  accepting  this  hypothesis.  No 
doubt  some  of  the  old  species  occasionally  died  out,  and  left  no 
representatives  in  Europe  or  elsewhere  j  others  were  locally 
exterminated  in  the  struggle  for  life  by  species,  which  invaded 
their  andent  domain,  or  by  varieties  better  fitted  for  a  new  state  of 
things.  Pauses  also  of  vast  duration  may  have  occurred  in  the 
deposition  of  strata,  allowing  time  for  the  modification  of  organic 
life  tfarougbont  the  globe,  slowly  brought  about  by  variation  as  w^ 
as  by  extinction. 

In  some  parts  of  France^  near  the  Yosges  Moontains,  and  in 
Luxembourg,  M,  £.  de  Beaomont  has  shown  that  the  lias  contain- 
■  Conyb.  uid  PbiL,  p.  S61. 

t  Bsmnr,  Otol  Qnait  Joum,  toI.  zx  p.  SO.     IB(4. 
}  Dr.  Wright,  itnd.,  vol  xrL  p.  la     1SS9. 
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ing  Grgphtea  arcvata,  Plagiottoma  giganteum  (see  fig.  437.),  and 
other  i^aracteriHtic  foesib  becomea  areoaceous ;  and  arouod  the 
Harts,  in  Westphalia  and  Bavaria,  the  inferior  parts  of  the  lias  are 
■and;,  and  Bometimes  afford  a  buildiag-atoad. 

The  name  of  Gryphite  limestone  has  sometimes  been  applied  to 
the  liaa,  in  consequence  of  the  great  number  of  shells  which  it 
contains  of  a  species  of  oyster,  or  Gryphaa  (fig.  438.,  see  also  fig. 
387.  p.  393.).     A  large  heav;  shell  called  Hippopodium  (fig.  439.), 


allied  to  Cyprieardia,  is  also  characttfistic  of  the  lower  lias  shales. 
The  Lias  formation  is  also  remarkable  for  being  the  newest  of  thu 
secondary  rocks  in  which  bracbiopoda  of  the  genera  Spirifer  and 


LepbBtta  (figs.  440,  441.)  occur  !  no  less  than  nine  species  of  Spi' 
v^tn  are  enamerated  by  Ur.  Davidson  as  belonging  to  the  Lias. 
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These  palliobranchiat«  moUasca  predominate  greatly  in  Btrata  older 
than  the  Trias ;  but,  so  far  as  we  jet  know,  they  did  not  saryive 
tbe  Liassic  epoch.  The  marine  beds  of  the  Lias  also  abound  in 
cephalopoda  of  the  genera  BeltmniUs,  Nautilut,  and  AmmomUi 
(see  £gs.  442,  443,  444.). 
Among  the  Crinoids  or  Stone-lilies  of  the  Lias,  the  Pentacrinites 


A.uriaHthu,  Sm. 


are  conapicaous.  (See  fig.  449.)  Of  Ophioderma  Egertoni  (fig. 
450.),  referable  to  the  Ophiunda  of  Uuller,  perfect  specimens  ha,Te 
been  met  with  ia  the  Middle  Lias  beds  of  Dorset  and  Yorkshire. 


^Dit-  <Li«-   tjppti  Liu. 


« norrartlatw.  Honlf.   *™     ■*    "-iri.-.v   s 
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AllugioD  has  alreadj  been  made,  p.  414.,  to  oumerons  soDes  in 
the  Liu  characterized  bj  dietinct  Ammonites.  Two  of  these  occur 
netr  the  bsse  of  the  Lower  Lias,  having  a  united  thickness,  vaT7iDg 
ftom  40  U>  80  feeL  The  upper  and  larger  of  these  is  characteriKed, 
eipeci^y  in  the  south-west  of  England,  bj  Attunonttet  BueMandi, 
ud  tbe  lower  hj  Ammonitei  Planorbtt  (see  figs.  44T,  448.).' 


CklHCtHlntC  Dl 


These  two  shells  have  a  wide  range  on  the  Continent  of  Europe, 
occarnug  in  beds  which  occupy  similar  positions  in   the  Liossic 


L,lAa,  l,yiii*  Rtfli- 


The  Extracrinu*  Briareus  (removed  by  Major  Austin  from  Pen- 
*  Qiun.  Jonni.i'rol.  XTi,  p.  376. 

£  Z  , 
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taerinuM  on  account  of  generic  differenceB)  occurs  in  tangled  tnasKs, 
forming  thin  beds  of  coneiderable  extent,  in  the  Lower  Liu  of 
Dorset,  Gloncestenhire,  and  Yorkshire.  The  rematni  are  often 
Highly  charged  with  pjrrttes.  This  Crinoid,  with  its  innumerable 
tentacular  arms,  appears  to  have  been  frequently  attached  to  the 
driftwood  of  the  liassic  sea,  in  the  same  manner  as  BamacleB  float 
about  at  the  present  day.  There  is  another  species  of  Exlraerinu* 
and  several  of  Penlacrintu  in  the  lias ;  and  the  latter  genns  is  found 
in  nearlj  all  the  formations  from  the  lias  to  the  London  clay  incln- 
give.  It  is  represented  in  the  present  Be«s  by  the  delicate  and  rare 
Penlacrintu  Capttt-meduta  of  the  Antilles,  which,  with  Com&tula, 
are  the  only  surviving  members  of  the  great  and  ancient  family  of 
the  Crinoids,  so  widely  represented  throughont  the  older  formations 
by  the  genera  Taxoerintu,  Aetinocrimu,  Cj/alhoerintu,  Eneriniu, 
ApioerinvM,  and  many  others. 

The  fossil  fish  resemble  generically  those  of  the  oolite,  belonging 
all,  according  to  M.  Agassis,  to  extinct  genera,  and  differing  for  the 
most  part  from  the  ichthyolites  of  the  Cretaceous  period.  Among 
them  is  a  species  of  Lepidolui  {L.  gigtu,  Agsss.),  fig.  451.,  which  is 


found  in  the  liss  of  England,  France,  and  Germany.*  This  genus 
was  before  mentioned  (p.  347.)  as  occurring  in  the  Wealden,  and  is 
supposed  to  have  frequented  both  rivers  and  coasts.  Another  genua 
of  Ganoids  (or  fish  with  hard,  shining,  and  enamelled  scales), 
called  jEchmidut  (see  fig.  452,),  is  almost  exclusively  Liassic.    The 


*  Agwsii,  Foutons  FotsUct,  vol  iL  tab. 
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iMth  of  K  epeciee  of  Acrodut,  also,  are  very  abnndaat  in  the  Uu 


Jcrsdu  ■i>MUt,AMH.(laMli)i  connanlr  allid  "  roitll  Iwch," 
Uiu,  If  ma  Baft!  ud  Geimu). 

But  the  lemainB  of  fish  which  have  excited  more  attentioD  than 
wj  others  are  thttoe  large  bony 'spines  called  iehlhj/odomlila 
(a,  fig.  454.),  which  were  once  supposed  b;  some  natoraliats  to  be 


jaws,  and  hj  others  weapon§,  resembling  those  of  the  living  Ba&itet 
>t>d  SUurut  1  but  which  M.  Agasaii  hag  ehown  to  be  neither  the  one 
nor  the  other.  The  spines,  in  the  genera  last  mentioned,  articalate 
with  the  backbone,  whereas  there  are  no  signs  of  anj  such  articn- 
UtioD  in  the  ichthjodomlites.  These  last  appear  tohave  been  bony 
spines  which  formed  the  anterior  part  of  the  dorsal  fin,  like  that  of 
the  living   genera  Catracion  and  Chimara  (see  a,  fig.  455.).     In 


.  t^iM  tormlDi  Ulterior  p«n  of  Uu  is 


both  of  these  genera,  the  posterior  concave  face  is  armed  with  small 
ipiaes,  «a  in  that  of  the  fosail  Hybodtu  (fig.  454.),  a  placoid  fiah  of 
the  shark  fBtnilj  found  fosail  at  Ljme  Regia.  Such  apines  are  simply 
mbedded   in  the  flesh,  and  attached  to  strong  mosdes.     "They 


>  AgsMb,  FoiMoni  Fonihi,  toL  iiL,  lab.  C-  fig.  I. 
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serve,"  aaya  Dr.  Bucklud,  "  as  in  the  Chiauera  (fig.  455.),  to  ruse 
and  depress  the  fin,  their  ution  resembling  tb&t  of  b  moveable  oust, 
raising  and  lowering  backwards  the  siul  of  a  barge."  * 

RtptiUt  of  the  Liat^^t  is  not,  however,  the  fowil  flah  which 
form  the  most  striking  feature  in  the  organic  remaloB  of  the  Lias; 
but  the  Enaiiotaurian  reptiles,  which  are  extraordinary  for  their 
uumljcr,  size,  and  structure.     Among  the  most  Bingnlar  of  these  are 


3 

I 

ii 


several  species  of  Ichthyotaurui  and  PUiiotaunu  (figs.  456,  457.). 
The  genus  Ichlhj/otaunu,  or  fish-lisard,  is  not  confined  to  this  for- 


&idKcwBl«t  Treatise  p>  190. 
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■nation,  but  haa  been  fonnd  in  etrata  aa  high  as  the  white  chalk  of 
England,  and  as  low  aa  the  trias  of  Germany,  a  formation  which 
immediately  succeeds  the  lias  in  the  descending  order.*  It  is 
evident  from  their  fish-like  vertebne,  their  paddles,  resembling 
those  of  a  porpoise  or  whale,  the  length  of  their  tail,  and  other  parts 
of  their  structnre,  that  the  habits  of  the  Ichthyosaurs  were  aqontic. 
Their  jaws  and  teeth  show  that  they  were  carnivorous  ;  and  the  half- 
digested  remains  of  fishes  and  reptiles,  fonnd  within  their  skeletons, 
indicate  the  precise  nature  of  their  food.f 

A  specimen  of  the  hinder  fin  or  paddle  of  lehlhyosaunu  eommtinis 
was  discovered  in  1840  at  Barrow<on-Soar,  bir  Sir  P.  Egerton,  which 
distinctly  exhibits  on  its  posterior  margin  the  remains  of  cartila- 
ginous rays  that  bifurcate  as  they  approach  the  edge,  like  those  in 
the  fin  of  a  fish.  (See  a,  fig.  458.)    It  had  previonsly  been  supposed, 


PaiUrloi  pirt  orbliid  Sd  or  pHtdle  o[  IiJUhfotmnii  ammmt'i. 

says  Prof.  Owen,  that  the  locomotive  organs  of  the  Ichthyosaurus 
were  enveloped,  while  living,  in  a  smooth  integument,  like  that  of 
the  turtle  and  porpoise,  which  has  no  other  support  than  is  afforded 
by  the  bones  and  ligaments  within  ;  but  it  now  appears  that  the  fin 
waa  much  larger,  expanding  far  beyond  its  osseous  framework,  and 
deviating  widely  in  its  flsh-like  rays  from  the  ordinary  reptilian  type. 
In  fig.  458.  the  posterior  bones,  or  digital  ossicles  of  the  paddle,  are 
seen  near  b  ;  and  beyond  these  is  the  dark  carboniced  integument 
of  the  terminal  half  of  the  fin,  Uie  outline  of  which  is  beautifully 
defined. {  Prof.  Owen  believes  that,  besides  the  fore-paddles,  these 
short-  and  stiff-necked  Baurians  were  furnished  with  a  tail-fin  with- 
out radiating  bones,  and  purely  tegumentary,  expanding  in  a  vertical 
direction ;  an  organ  of  motion  which  enabled  them  to  turn  their 
beads  rapidly.§ 

Mr.  Conybeare  was  enabled,  in  1824,  aRei- examining  many  skele- 
tons nearly  perfect,  to  give  an  ideal  restoration  of  the  osteology  of 
this  genus,  and  of  that  of  the  Flenotaunu.j     (See  figs.  456,  457.) 

•  BridgewttCT  TreatiK,  p.  168.  »oI.  tS,  p.  199.  pi.  xx. 

t  Ibid.,  p.  187.  §  Ibid.,  Second  Scrie*,  vol.  r.f .  SI  1. 

i  GcoLSoc.  Traostct,  Stcond  Suits,        |  Ibid.,  Second  Striei,  vol.  i.  p.  49, 
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The  latter  animal  had  an  extremely  long  neck  and  Bmall  bead,  tMi 
teeth  like  those  of  the  crocodile,  and  paddlei  analogans  to  those  of 
the  lekthyotaurtu,  but  lai^r.  It  is  supposed  to  hare  lived  io  shal- 
low seas  and  estuaries,  and  to  have  breathed  air  like  the  lebthjo- 
sanr  and  our  modem  cetacea.*  Some  of  the  reptiles  abore  men- 
tioned were  of  formidable  dimensions.  One  epeeimen  of  Ickthyo- 
taunu  platyodon,  from  the  lias  at  Lyme,  now  in  the  British  Mu- 
seum, must  have  belonged  to  an  animal  more  than  24  feet  in  length  ; 
and  there  are  species  of  Pierio$aurut  which  measure  from  18  to  20 
feet  in  length.  The  form  of  the  lehthyotaurut  may  hare  fitted  it 
to  CQt  through  the  waves  like  the  porpoise  ;  but  it  is  soppoaed  that 
the  PltMiotaunu,  at  least  the  long-necked  species  (fig.  457.),  was 
better  suited  to  fish  in  shAow  creeks  and  bays  defended  from  keavj 
breakers. 

In  many  specimens  both  of  Ichthyosaur  and  Pleaiosaor  the  bones 
of  the  head,  neck,  and  tail  are  in  their  natural  position,  while  those 
of  the  rest  of  the  skeleton  are  detached  and  in  confusion.  Mr. 
Stutcbbnry  has  suggested  that  their  bodies  after  death  became  in- 
flated with  gases,  and  while  the  abdominal  viscera  were  decom- 
posing, the  bones,  thongh  disunited,  were  retained  within  the  tongh 
dermal  covering  as  in  a  bag,  until  the  whole,  becoming  water-logged, 
sank  to  the  bottom. |  As  they  belonged  to  individuals  of  all  ages 
they  are  supposed,  by  Dr.  Bnckland,  to  have  experienced  a  violent 
death ;  and  the  same  conclusion  might  also  be  drawn  from  their 
having  escaped  the  attacks  of  their  own  predaeeous  race,  or  of  fishes 
found  fossil  in  the  same  beds. 

For  the  last  twenty  years,  anatomists  have  agreed  that  these  ex- 
tinct saurians  must  have  inhabited  the  sea  :  and  it  was  urged  that 
as  there  are  now  cbelonians,  like  the  tortoise,  living  in  fresh  wat^-, 
and  others,  as  the  turtle,  frequenting  the  ocean,  so  there  may  have 
been  formerly  some  saurians  proper  to  salt,  others  to  freshwater. 
The  common  crocodile  of  the  Ganges  is  welt  known  to  frequent 
equally  that  river  and  the  brackish  and  salt  water  near  its  mouth  ; 
and  crocodiles  are  said  in  like  manner  tobe  abundant  both  in  the 
rivers  of  the  Isia  de  Pinos  (or  Isle  of  Roes),  south  of  Cuba,  and  io 
the  open  sea  round  the  ccftst.  More  recently  a  saurian  has  been 
discovered  of  aquatic  habits  and  exclusively  msrine.  This  creature 
was  found  in  the  Galapagos  Islands,  during  the  visit  of  H.  M.  S. 
"Beagle"  to  that  archipelago,  in  1635,  and  its  habits  were  then 
observed  by  Mr,  Darwin.  The  islands  allnded  to  are  situated  under 
the  equator,  nearly  600  miles  to  the  westward  of  the  coast  of  South 
America.  They  are  volcanic  ;  some  of  them  being  SOOO  or  4000 
feet  high  ;  and  one  of  them,  Albemarle  Island,  75  miles  loi^.  The 
climate  is  mild ;  very  little  rain  falls  ;  and,  in  the  whole  arcbipelai^ 
there  is  only  one  rill  of  fresh  water  that  reaches  the  coast  l^e 
soil  is  for  the  most  part  dry  and  harsh,  and  the  vegetation  scanty. 

*  Cmirbeare  and  De  la  Bsdie.,  OmL    Bnckland,  Bridgew.  TreaL,  p.  908. 
Truu.,I^mS«riu,TDLT.  p.tu.  t  wd       t  Qwul  Qeol  Jouro,  vi>tU.p.-lll. 
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Tbe  birds,  reptiles,  plants,  and  insects  are,  with  rerj  few  exceptions, 
of  species  found  nowhere  elae  in  the  world,  although  all  partake,  in 
their  general  form,  of  a  South  American  type.  Of  the  mammalia, 
Mjs  Mr.  Darwin,  one  species  alone  appears  to  be  indigenous, 
niniely,  a  large  and  peculiar  kind  of  mouse ;  but  the  nnmber  of 
liiards,  tortoises,  and  snakes  is  so  great,  thatitmajbe  called  aland 
of  reptiles.  The  vai-ietj,  indeed,  of  species  is  small ;  hut  the  indi- 
Tidnsls  of  each  are  in  wonderful  abundance.  There  is  a  turtle,  a 
large  tortoise  {Teitudo  Indicut),  four  lizards,  and  about  the  same 
number  of  snakes,  but  no  frogs  or  toads.  Two  of  the  lizards  belong 
to  the  family  Iguanidte  of  Bell,  and  to  a  peculiar  genus  {Ambli/- 
fhynchtu)  established  bj  that  naturalist,  and  so  named  from  their 
obtusely  truncated  head  and  short  snouL*  Of  these  lizards  one  is 
terrestrial  in  its  habits,  and  burrows  in  the  ground,  swarming 
everywhere  on  the  land,  having  a  round  tail,  and  a  mouth  some- 
what resembling  in  form  that  of  tbe  tortoise.  The  other  is  aquatic, 
sad  has  its  tail  flattened  laterally  for  swimming  (see  fig.  459.). 


"  This  marine  saurian,"  says  Mr,  Darwin,  "  is  extremely  common 
on  all  the  islands  throughout  the  Archipelago.  It  lives  exclusively 
on  the  rocky  sea-beacfaes,  and  I  never  saw  one  even  ten  yards  in- 
shore. The  usual  length  is  about  a  yard,  but  there  are  some  even 
4  feet  long.  It  is  of  a  dirty  black  colour,  sluggish  in  its  move- 
ments on  the  land  ;  but,  when  in  the  water,  it  swims  with  per- 
fect ease  and  quickness  by  a  serpentine  movement  of  its  body  and 
flattened  tail,  the  legs  during  this  time  being  motionless,  and 
closelj  collapsed  on  its  sides.  Their  limbs  and  strong  claws  ore 
■dmirably  adapted  for  crawling  over  the  rugged  and  fissured  masses 
of  lava  which  everywhere  form  the  coast.  In  such  situations,  a 
group  of  six  or  seven  of  these  hideous  reptiles  may  oftentimes  be 
seen  on  tbe  block  rocks,  a  few  feet  above  the  surf,  basking  in 
the  sao,  with  outstretched  legs.  Their  stomachs,  on  being  opened, 
were  foaod  to  be  largely  distended  with  minced  sea-weed,  of  a 
kind  which  grows  at  the  bottom  of  the  sea  at  some  little  distance 

•   'KatKit,  raii^*,  blant  ;  and  pi^x"i  rhjpukiu,  moat. 
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from  the  coast.  To  obtaia  this  the  lizards  go  out  to  sen  in  ahoala. 
One  of  these  animals  was  sunk  in  salt  water  from  the  ship,  with 
a  hBAvj  weight  attached  to  it,  and  on  being  drawn  up  again  after 
an  hour  it  was  quite  actire  and  unharmed.  It  ia  not  jet  known  hy 
the  inhabitants  where  this  animat  lajs  its  eggs ;  a  singular  fact, 
consideriDg  its  abundance,  and  that  the  natives  are  well  acquainted 
with  the  eggs  of  the  terrestrial  Amblyrhynekua,  which  is  also  herbi- 
vorons."  • 

In  those  deposits  now  forming  hj  the  sediment  washed  awajr 
fVom  the  wasting  shores  of  the  Galapagos  Islands,  the  remains  of 
eauriKns,  both  of  the  land  and  sea,  as  well  as  of  cheloni&ns  and  fish, 
may  be  mingled  with  marine  shells,  without  anj  bones  of  land 
quadrupeds  or  batrachian  reptiles  ;  yet  even  here  we  should  ex- 
pect the  remains  of  marine  mammalia  to  be  embedded  in  the  new 
strata,  for  there  are  seals,  besides  aeverfti  kinds  of  cetacea,  on  the 
Galapagian  shores  ;  and,  in  this  respect,  the  parallel  between  the 
modern  feuna,  above  described,  and  the  ancient  one  of  the  lias 
wonld  not  hold  good. 

Sadden  detlruetion  of  Sauriatu. — It  has  been  remarked,  and 
truly,  that  maaj  of  the  fish  and  saurians,  found  fossil  in  the  liao, 
roust  have  met  with  sudden  death  and  immediate  burial ;  and  that 
the  destructive  operation,  whatever  ma^  have  been  its  nature,  was 
often  repeated. 

"  Sometimes,"  says  Dr.  BuckUnd,  "  scarcely  a  single  bone  or 
scale  has  been  removed  from  the  place  it  occapied  during  life ;  which 
could  not  have  happened  had  the  uncovered  bodies  of  these  aan- 
rians  been  left,  even  for  a  few  hours,  exposed  to  putrefaction,  and 
to  the  attacks  qf  fishes  and  other  smaller  animals  at  the  bottom 
of  the  sea."  f  Not  only  are  the  skeletons  of  the  Ichthyoaaurs 
entire,  but  sometimes  the  contents  of  their  stomachs  still  remain 
between  their  ribs,  as  before  remarked,  so  that  we  can  discover  the 
particular  species  of  fish  on  which  they  lived,  and  the  form  of  their 
excrements.  Not  unfrequently  there  are  layers  of  these  coprolites, 
at  different  depths  in  the  lias,  at  a  distaoce  from  any  entire  skeletons 
of  the  marine  lizards  from  which  they  were  derived ;  "  as  il^"  says 
Sir  H.  de  la  Beche,  "  the  muddy  bottom  of  the  sea  received  small 
sudden  accessions  of  matter  from  time  to  time,  covering  up  the 
coprolites  and  other  exuviie  which  had  accumulated  during  the 
interyals."}  It  is  further  stated  that,  at  Lyme  Regis,  those  surfaces 
only  of  the  coprolites  which  lay  uppermost  at  the  bottom  of  the 
sea  have  sufi'ered  partial  decay,  from  the  action  of  water  before 
they  were  covered  and  protected  by  the  muddy  sediment  that  has 
afterwards  permanently  enveloped  thero.§ 

Numerous  specimens  of  the  Calamary  or  pen-and-ink  fish  {Geo- 
Uulhis  BolUntit,  Schuble  sp.)  have  also  been  met  with  in  the  lias 
at  Lyme,  with  the  ink-bags  still  distended,  containing  the  ink  in  a 
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dried  statfl,  chieflj  eompoeed  of  cftrbon,  and  but  slightly  impreg- 
D&ted  with  carbonate  of  lime.  These  cephalopoda,  therefore,  muat, 
like  the  Bauriaofl,  have  been  soon  buried  in  sediment ;  for,  if  long 
exposed  after  death,  the  membiane  containing  the  ink  would  have 
decayed." 

Ae  we  know  that  river-fiah  are  sometimes  stifled,  even  in  their 
own  element,  by  muddy  water  during  fioode,  it  cannot  be  doubted 
that  the  periodical  discharge  of  lai^e  bodies  of  turbid  fresh  water 
into  the  sea  may  be  still  more  fatal  to  marine  tribes,  lit  the 
"  Friuciples  of  Geology  "  I  have  shown  that  large  quantities  of  mud 
and  drowned  animals  have  been  swept  down  into  the  sea  by 
rivers  during  eaftbquakes,  as  in  Java  in  1699  ;  and  that  inde- 
scribable nmltitudes  of  dead  fishea  have  been  seen  floating  on  the 
aea  after  a  discharge  of  noxione  vapours  during  similar  convukions-t 
But  in  the  intervals  between  such  cataatrophes,  strata  may  have 
accumulated  slowly  in  the  sea  of  the  lias,  some  being  formed 
chiefly  of  one  description  of  shell,  such  as  ammonites,  others  of 
gryphites. 

From  the  above  remarks  the  reader  will  infer  that  the  lias  is  for 
the  most  part  h  marine  deposit  Some  members,  however,  of  the 
series,  especially  in  the  lowest  part  of  it,  have  an  estuary  character, 
and  must  have  been  formed  within  the  influence  of  rivers.  In 
Gloucestershire,  where  the  lias  of  the  West  of  England  is  well 
developed,  it  is  divisible  into  an  upper  mass  of  sand  and  shale  with 
a  base  of  marlatone,  and  a  lower  series  of  shales  with  nnderlying 
limestones  and  shales.  We  learu  from  the  researches  of  the  Rev. 
P.  B,  Brodiet,  that  in  the  inferior  of  these  two  divisions  numerous' 
remains  of  insecta  and  plants  have  been  detected  in  serentl  places, 
mingled  with  marine  shells.  One  band,  rarely  exceeding  a  foot  in 
thickness,  has  been  named  the  "  insect  limestooe."  It  puses  up- 
wards into  a  shale  contuning  Cjfpru  and  Etlheria,  and  is  charged 
with  the  wing-caaes  of  several  genera  of  coleoptera,  aad  with  some 
nearly  entire  beetles,    of  which  the  ^ 

eyes  are  preserved.  The  nervures  of 
the  wings  of  neuropterous  insects  (fig. 
460.)  are  benntifuUy  perfect  in  this 
bed.  Ferns,  with  cycads  and  leaves 
of  monocotyledonous  plants,  &nd  some 
apparently  brackish  and  freshwater  ^i^a«i^7^«K«H>nbin.  Tb^- 
■bells,  accompany  the  insects  in  se-  PB,b™u«.) 
vera!  places,  while  in  others  marine  shells  predominate,  the  fos- 
sils varying  apparently  as  we  examine  the  bed  nearer  or  farther 
from  the  ancient  land,  or  the  source  whence  the  freshwater  was 
derived.  There  are  two,  or  even  three,  bands  of  "  insect  limestone  " 
in  several  sections,  and  th^  have  been  ascertained  by  Mr.  Brodie 
to  retain  the  same  Itthologtcal    and  soolt^ical   characters  when 

•  BnckUnd,  BTidgev.  Tre«.,  p.  807.         t  *  ' 
t  See   Priii<jipU«,  ImUx,   Lincorow,     1846.     ' 
Qnham  Iiluul,  CkUbrii. 
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traced  from  the  ceotre  of  Warwickshire  U>  the  borders  of  the  southern 
part  of  Wales.  After  stndying  300  specimeDs  of  (hese  insects 
from  the  lias,  Mr.  WeBtwood  declares  that  they  comprise  both 
wood-eating  sod  herb- devouring  beetles,  of  tbe  Linneon  genera 
Elattr,  Carabvt,  &&,  besides  grasshoppers  {Grt/Uut),  and  detached 
wings  of  dragon-flies  and  mayflies,  or  insects  referable  to  the  Lin- 
nean  genera  Li&eltvla,  Ephemera,  Hemerobiut,  and  Panorpa,  in  all 
belonging  to  no  less  than  tweutj'four  families.  The  sise  of  tbe 
species  is  usually  small,  and  such  as  taken  alone  would  imply  a 
temperate  climate ;  but  many  of  the  associated  organic  remains  of 
other  classes  must  lead  to  a  different  conclusion. 

FouU  plant*. — Among  tlie  vegetable  remains  of  the  Lias,  seTeral 
Fif.  Hi.  species  of  Zamia  have  been  found  at  Lyme 

Regis,  and  the  remains  of  cooiferoas  plants 
at  Whitby.     Fragments  of  wood  are  com- 
V  mou,  and  often  converted  into  limestone. 
I  That  some  of  this  wood,  though  now  pe- 
trified, was  soft  when  it  first  lay  at  the 
bottom  of  the  sea,  is  shown  by  a  specimen 
now  in  the  museum  of  the  Geological  Society  (see  fig.  461.),  which 
has  the  form  of  an  ammonite  indented  on  its  surface. 

M.  Ad.  Brongniart  enumerates  47  linssic  acrogens,  most  of  them 
ferns  j  and  50  gymnosperms,  of  which  39  are  cycads,  and  1 1  coni- 
fers. Among  the  cycads  tbe  predominance  of  Zamitet,  and  among 
the  ferns  tbe  numerous  genera  with  leaves  having  reticulated  veins 
(as  in  fig.  423.  p.  408.),  are  mentioned  as  botanical  characteristics  of 
this  era.*  The  absence  as  yet  from  the  Lias  and  Oolite  of  all  signs 
of  dicotyledonous  angiospenns  is  worthy  of  notice.  The  leaves  of 
such  plants  are  frequent  in  tertiary  strata,  and  occur  in  tbe  Cre- 
taceous, though  less  plentifully  (see  above,  p.  333.).  The  angio- 
sperms  seem,  therefore,  to  have  been  at  tbe  least  comparatively  rare 
in  these  older  secondary  periods,  when  more  space  was  occupied  by 
the  Cycads  and  Conifers. 

Origin  of  the  Oolite  and  Lias. — If  we  now  endeavoar  to  restore, 
in  imagination,  the  ancient  condition  of  the  European  area  at  tbe 
period  of  the  Oolite  and  Lias,  we  must  conceive  a  sea  in  which  the 
growth  of  coral-reefs  and  shelly  limestones,  after  proceeding  without 
interruption  for  ages,  was  liable  to  be  stopped  suddenly  by  the  depo- 
sition of  clayey  sediment.  Then,  again,  the  argillaceous  matter,  de- 
void of  corals,  was  deposited  for  ages,  and  attained  a  thickness  of 
hundreds  of  fee^  until  another  period  arrived  when  the  same  space 
was  again  occupied  by  calcareous  sand,  or  solid  rocks  of  shell  and 
coral,  to  be  again  succeeded  by  the  recurrence  of  another  period  of 
argillaceous  deposition.  Mr.  Conybeare  has  remarked  of  the  entire 
group  of  Oolite  and  Lias,  that  it  consists  of  repeated  alterations  of 
clay,  sandstone,  and  limestone,  following  each  other  in  the  same 
order.     Thus  the  clays  of  the  lias  are  followed  by  the  sands  of  the 

*  Tibleaa  de«  Veg.  Few.,  1819,  p.  105. 

i.,|.,  II,  L.OO^IC 


Ch.  XXI.]  OBIOLN   OF   THE  OOLITE   AND   LIAS.  427 

inferior  oolite,  and  thaw  ^itin  hj  shellj  aod  coralline  limeatone 
(Bath  oolite,  ftc.) ;  ao,  in  the  middle  oolite,  the  Oxford  claj  h  fol- 
lowed by  calcareouB  grit  and  coral  rag ;  laetlj,  in  the  upper  oolite, 
the  Kimmeridge  ciay  ia  followed  by  the  Portland  aand  and  lime- 
•tone.*  The  clay  beds,  however,  as  Sir  H.  De  la  Beche  remarks,  can 
he  followed  OTCr  larger  areas  than  the  sands  or  sandatones.l  It  should 
also  be  remembered  that  while  the  oolitic  system  becomes  arenaceons 
and  resembles  a  coal-field  in  Yorkshire,  it  assumes  in  the  Alps  an 
almost  purely  calcareous  form,  the  sands  and  clays  being  omitted; 
and  even  in  theinterrening  tracts  it  is  more  complicated  and  variable 
than  appears  in  ordinary  descriptions.  Nevertheless,  some  of  the 
clays  and  intervening  limestones  do  retain,  in  reality,  a  pretty  uni* 
form  character  fur  distances  of  from  400  to  600  miles  from  east  to 
west  and  north  to  south. 

According  to  M.  Thirria,  the  entire  oolitic  group  in  the  Depart- 
ment of  the  Haute  Safine,  in  France,  may  be  equal  in  thicliness  to 
that  of  England  ;  bnt  the  imparlance  of  the  argillaceous  divisions  is 
in  the  inverse  ratio  to  that  which  they  exhibit  in  England,  where 
they  are  about  equal  to  twice  the  thickness  of  the  limestones, 
whereas,  in  the  part  of  France  alluded  to,  they  reach  only  about  a 
third  of  that  thickneds.l  In  the  Jura  the  clays  are  still  thinner,  and 
in  the  Alps  they  thin  oat  and  almost  vanish. 

In  order  to  account  for  such  a  succession  of  events,  we  may  ima- 
gine, first,  the  bed  of  the  ocean  to  be  the  receptacle  for  ages  of  fine 
argillaceous  sediment,  brought  by  oceanic  currents,  which  may  bava 
communicated  with  rivers,  or  with  part  of  the  sea  near  a  wasting 
coast.  This  mud  ceases,  at  length,  to  be  conveyed  to  the  same  I'egion, 
either  because  the  land  which  had  previously  suffered  denudation 
is  depressed  and  submerged,  or  because  the  current  is  deflected  in 
another  direction  by  the  altered  shape  of  the  bed  of  the  ocean  and 
neighbouring  dry  land.  By  such  changes  the  water  becomes  once 
more  clear  and  fit  for  the  growth  of  atony  zoophytes.  Calcareoua 
sand  is  then  formed  from  comminuted  shell  and  coral,  or,  in  some 
cases,  arenaceous  matter  replaces  the  clay  ;  because  it  commonly 
happens  that  the  finer  sediment,  being  first  drifted  farthest  from 
coasts,  is  subsequently  overspread  hj  coarse  sand,  after  the  sea  has 
grown  shallower,  or  when  the  land  increasing  in  extent^  whether  by 
upheaval  or  by  sediment  filling  up  parts  of  the  sea,  has  approached 
nearer  to  the  spots  first  occupied  by  fine  mud. 

In  order  to  account  for  another  great  formation,  like  the  Oxford 
clay,  again  covering  one  of  coral  limestone,  we  must  suppose  a  sink- 
ing down  like  that  which  is  now  taking  place  in  some  existing 
regions  of  coral  between  Australia  and  South  Atnerica.  The  oc- 
currence of  BubsideDcea,  on  so  vast  a  scale,  may  have  caused  the 
bed  of  the  ocean  and  the  adjoining  land,  throughout  great  parts  of 
the  European  area,  to  assume  a  shape  favourable  to  the  deposition  of 
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another  set  of  clayey  strata ;  and  thh  change  may  have  been  sue* 
ceeded  by  a  ieriea  of  events  analt^ous  to  that  akeady  explained,  and 
these  again  by  a  third  series  in  siinilar  order.  Both  the  ascending 
and  descending  movements  may  have  been  extremely  slow,  like  tbose 
now  going  on  in  the  Pacific  ;  and  the  growth  of  every  stratum  of 
coral,  a  few  feet  of  thickness,  may  have  required  centuries  for  its 
completion,  during  which  certain  species  of  organic  beings  disap- 
pearud  from  thb  earth,  and  others  were  introduced  in  their  place:  so 
that,  in  each  set  of  strata,  from  the  Lias  to  the  Upper  Oolite,  some 
peculiar  and  characteristic  fossils  were  embedded. 
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CHAPTER  XXII. 

TKFAS  OB  KEW  BED  SANDSTONE   OBOUF. 

DiitinctioQ  belveen  New  and  Old  Bed  Sandttone — Between  Upper  aad  Lower 
New  Sed — Tbe  TriMand  its  three  diviaioaa — M<Mt  lar^l;  doveloped  in  Ger- 
man;— Kecognilion  of  a  Marine  eqniTaleat  of  tbs  Tipper  Trial  in  the  Anitrian 
Alps — Trae  position  ot  the  St.  Cuiian  and  Hallnadt  Bedi — 800  new  speciei 
of  triaoic  Moilntca  and  B^Uta — Linki  thni  inpplied  for  connecting  the 
KiImoioIc  and  Neotoic  fauDM— Eenper  and  ita  foaiili — Mnachelkalk  and  foaiila 
— Fouil  plants  oTiheBnntcT — TriouicgTOupin  Engl  and — Bone-bed  of  Axraooth 
and  Aait— Bed  Sandilone  of  Warwickshire  and  Chetbire — Footatep*  of  Chei- 
retheritat  la  England  Bad  Germany— Osteology  of  the  ZaiyriiiiAodini — Whether 
thii  Bacrachian  was  identical  with  Chei  roth  erinm — Dotomitic  Conglomerate 
of  Briitol— Origin  of  Bed  Sandnone  and  Bock-ealt— Bypolheai*  of  saline 
Tolcanie  exhalation)— Theory  of  the  precipitation  of  salt  from  inland  lakes  or 
lagoons — SaltnosB  of  the  Bed  Sea — Tiiaasic  coal-fiald  of  Eastern  Virginia,  near 
Bichmond — New  Bed  Saadslone  in  the  United  Stales— Fouil  fooiprintt  of  birds 
and  reptiles  in  the  Tallej  of  the  Conneeticnt — Antiquity  of  the  Bed  Sandstone 
■MDtaining  them — Triasaic  mammifer  of  North  Carolina. 

Betwbkn  the  Liu  and  tbe  Coal  (or  Carboniferous  groop)  there  is 
interposed,  in  the  midland  and  western  counties  of  England,  a  great 
tteries  of  red  loams,  shales,  and  sandstones,  to  which  the  name  of  the 
"New  Red  Sandstone  formation"  was  first  given,  to  distiaguish  it 
from  other  shales  and  sandstones  called  the  "Old  Bed"  (e,  fig.  462.), 
often  identical  in  mineral  character,  which  lie  immediately  beneath 
the  coal  (6). 

rig.  4C9. 
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The  name  of  "  Bed  Marl "  has  been  incorrectly  applied  to  the  red 
clajs  of  this  formation,  as  before  elpluned  (p.  13.),  for  they  are 
remarkably  free  from  calcareous  matter.  The  absence,  indeed,  of 
carbonate  of  lime,  as  well  as  the  ecarcity  of  organic  remains,  together 
with  the  bright  red  colour  of  most  of  the  rocks  of  this  group,  causes 
a  strong  contrast  between  it  and  tbe  Jurassic  fomuitiong  before  de- 
scribed. 

Before  the  distinctness  of  the  fossil  remains  characterucing  tbe 
upper  and  lower  part  of  the  EngUOi  Kew  Bed  hod  been  clearly 
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recognized,  it  was  found  convenient  to  have  &  common  name  for 
all  the  strata  intermediate  in  position  between  the  Ltaa  and  Coal ; 
and  the  term  "  Poikilitic  "  was  propoaed  by  Messrs.  Con  jbesre  and 
Buckland*,  from  roaiKot,  poikilos,  variegattd,  some  of  the  moat 
characteristic  strata  of  this  group  having  been  called  variegattd  hj 
Werner,  from  their  exhibiting  spots  and  streaks  of  light-blue,  green, 
and  baff  colour,  in  a  red  base. 

A  single  term,  thns  comprehending  both  Upper  and  Lower  New 
Red,  or  the  Triasiic  and  Permian  groups  of  modem  claesifications, 
may  still  be  useful  in  describing  districts  where  we  have  to  speak 
of  masses  of  red  sandstone  and  shale,  referable,  in  part,  to  both 
these  eras,  but  which,  in  the  absence  of  fossila,  it  is  impossible  to 

Triat  or  Upper  New  Red  SandUone  Group. — As  the  gronp  of 
strata  now  to  be  considered  is  more  fully  deTcloped  in  Germany  than 
in  England  or  France,  it  will  be  well  to  consider  in  the  first  place 
the  manner  in  which  it  presents  itself  in  that  country.  It  has  been 
called  the  Trias  by  German  writers,  or  the  Triple  Group,  becaa^e 
it  is  separable  into  three  distinct  formations,  called  the  "  Keuper," 
the  "  Muschelkalk,"  and  the  "  Bunter-sandstein." 

H'oHDrci.lIDBB  OT   TSIIS. 


-  Mame*  irisfci 

THiuchelkiilk,  oa  caleiire  ] ..      ■    ^    ,     . 

-{     coquuSr  -        .j'^wnginEngknd. 

-  OrteblHUie  -  rS»T,ditona    Md    qurti- 
uiouiBHc                       -j^     o«e  conglomerai* 

Upper  Triat,  or  Keuper. — It  has  been  already  stated,  p.  414.,  that 
near  the  base  of  the  Lower  Lias  are  certain  zones  of  strata,  distin- 
guished by  the  abundance  of  peculiar  species  of  ammonite,  in  one  of 
which  A.  Bucklandi,  and  in  another  still  lower  A.  Plaimrbit 
abound.  In  North-western  Germany,  as  in  England,  beneath  these 
ammonitiferous  zones,  there  occurs  a  remarkable  bone  breccia,  a 
marine  formation,  the  shells  of  which  are  distinct  from  tho»e  of  the 
Lias.  It  is  filled  with  the  remains  of  fishes  and  reptiles,  almost  all 
the  genera  of  which,  and  some  even  of  the. species,  agree  with  those 
of  the  subjacent  Trias.  This  breccia  has  accordingly  been  cos- 
sidered  by  Professor  Que nstedt  and  other  German  geologists  of  high 
authority,  as  the  newest  or  uppermost  part  of  the  Trias.  Professor 
Flienioger  found  in  it,  in  1R47,  the  mokr  tooth  of  a  smalt  Tritutic 
Mamtnijer,  called  by  him  Microlestes  antiquus.  He  inferred  its 
true  nature  from  its  double  fangs,  and  from  the  form  and  number 
of  the  protuberances  or  cueps  on  the  flat  crown;  and  considering  it 
as  predaceous,  probably  insectivorous,  he  called  it  Micralettea,  from 
pttpit,  little,  and  Xjiorqc,  a  beastof  prey.  Soon  afterwards  he  found 
■  BncUuid,  Bridg.  Trea^  toL  u.  p.  38. 
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a  second  tooth,  ftUo  at  the  same  locJity,  Di^^erloch,  about  two  miles 
to  the  BODtb-eost  of  Stuttgart.    Some  of  its  cnapa  are  broken,  but 
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MicnIalH  mMpm,  mm.  MoUr  of  MfanUrNHr  Plttn 

HUDlHruNa.tS.    From  *  dnvint  trr  4  Umn  u  Iwt*  •■  ibc  ■■ 

tbrmuiD  VcnHtrar.  «L  Fnai  IbeTirluoIDM 


there  seem  to  have  been  eiz  of  them  originally.  From  its  agree- 
ment in  general  characters,  it  was  supposed  by  Professor  Plieninger 
to  belong  to  the  same  wtltnal,  but  u  it  is  four  times  as  big,  it  nifty 
perhaps  have  been  the  tooth  of  another  allied  species.  This  molar 
is  attached  to  the  matrix  consisting  of  sandstone,  whereas  the  tooth 
(fig.  463.)  is  isolated.  Several  fragments  of  bone,  differing  in 
structure  from  that  of  the  associated  sKuriane  and  fish,  and  believed 
to  be  mammalian,  were  embedded  near  them  in  the  same  rock.  No 
anatomist  had  been  able  to  give  any  feasible  conjecture  as  to  the 
affinities  of  this  minute  quadruped  until  Dr.  Falconer,  in  I8S7,  re- 
cognised an  unmietakeable  resemblance  between  its  teeth  and  the 
two  back  molars  of  his  new  genus  Plagiavlax  (see  above,  fig.  337. 
p.  381.),  from  the  Purbeck  strata.  This  would  lead  us  to  the  con- 
clusion that  Microlestes  was  marsupial  uid  plant-eating. 

In  Wiirtembei^  there  aVe  two  bone-beds,  namely,  that  containing 
the  Microlestes,  which  has  just  been  described,  which  constitutes,  as 
we  have  seen,  the  uppermost  member  of  the  Trias,  and  another  of 
still  greater  extent,  and  still  more  rich  in  the  remains  of  fish  and 
reptiles,  which  is  of  older  date,  interveuiug  between  the  Keuper 
and  MuBchelkalk. 

The  genera  Sauriehthyt,  Hybodiu,  and  GyroUpU,  are  found  in 
both  these,  breccias,  and  one  of  the  species,  Sauriehthyt  Mongeoti,  is 
common  to  both  bone-beds,  as  is  also  a  remarkable  reptile  called 
Nothotaurvt  mirabilit.    The  saurian  called  Belodon  by  H.   Von 
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Meyer,  of  the  Thecodont  family,  is  another  Triaesic  form,  aeeociated 
at  Diegerloch  with  MieroU$te». 

Beneath  this  bone-breccia  foliowe  the  r^ular  serieB  of  strata 

called  Keuper,  which  in  Wurtemberg  is  about  1000  feet  thick.     It 

18  divided  by  Alberti  into  sandstone,  gypaum,  and  carbonaceoue 

slate  cUy.»     Remains  of  reptiles  called  Xothoimrut  and  Phi/to- 

Fif.  iw.  laurut  have  been  found  in  it  with  Laby- 

rinlhodon;    the  detached  teeth,   also,   of 

placotd  fish  and  of  rays,  and  of  the  genera 

ISattrickthyt  and  GyroUpu  (figs.  481,  482. 
p.  440.). 
The  plants  of  the  Kenper  are  generically 
very  analogous  to  those  of  the  lias  and 
oolite,  coDsisting  of  ferns,  equisetaceous 
rj«Xiirttoimii.onj(S)Ti.ff«f.  plants,  cycads,  and  conifers,  with  a  few 
■inn.i'd  •  imaii'pDniafDf wme  doubtful  monocotyledons.     A  few  species 
*"*"'""'■  ""■*'■  such  as  EquuetiUt  coiuntnaru,  are  com- 

mon to  this  gronp  and  the  oolite, 

St.  Cauian  and  HalUtadt  Beda. — The  sandstonee  and  clay  of 
the  Keuper  resemble  the  deposits  of  estuaries  and  a  shallow  eea 
near  the  land,  and  afford,  in  the  N.W.  of  Germany,  as  in  France 
knd  England,  hut  a  scanty  representation  of  the  marine  life  of  that 
period.  We  might,  however,  have  anticipated,  from  its  rich  rep- 
tilian fauna,  that  the  contemporaneous  inhabiunts  of  the  sea  of 
the  Keuper  period  would  be  very  numerous,  should  we  ever  have 
an  opportunity  of  bringing  their  remains  to  lighL  This,  it  is 
believed,  has  at  length  been  accomplished,  by  the  position  now 
assigned  to  certain  Alpine  rocks  called  the  "  St.  Cassian  beds," 
the  true  place  of  which  in  the  series  was  until  lately  a  snbject 
of  much  doubt  and  discussion.  For  valuable  researches  relating 
10  these  formations,  we  are  indebted  to  many  eminent  geologists, 
especially  to  MM.  Von  Buch,  E.  de  Beanmont,  Murchison,  Sedg- 
vrick,  and  Klipstein,  and  in  Switzerland  to  MM.  Escher  and 
Merian,  and  more  lately  in  Austria  to  MM.  Ton  Hauer,  Suess, 
Homes,  and  Gnmbel.  It  has  been  proved  that  the  Hallstodt  beds 
on  the  northern  flanks  of  the  Austrian  Alps  correspond  in  age  with 
the  St.  Cassian  beds  on  their  southern  declivity,  and  the  Austrian 
geologists  hence  satisfied  themselves  that  the  Hatistadt  formation  is 
referable  to  the  period  of  the  tipper  Trias.  Assuming  this  conclU' 
sion  to  be  correct,  we  become  acquainted  suddenly  and  unexpectedly 
with  a  rich  marine  fauna  belonging  to  a  period  previously  believed 
to  bo  very  barren  of  organic  remains,  because  in  England,  France, 
and  Northern  Germany  the  Upper  Trias  is  cliiefly  represented  by 
beds  of  fresh  or  brackish  water  origin.  Mr.  Edward  Suess,  of 
Vienna,  to  whom  we  are  indebted  for  several  memoirs  on  the  rocks 
in  question,  has  favoured  me  with  the  following  summary  of  the 
order  of  succession  of  the  Hallstadt  beds  in  the  Austrian  Alps, 

•  HoDog.  du  Banien  Sandfteiiia 
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which  I  had  an  opportnoity,  when  travelling  in  the  antumn  of  1856, 
of  verifying  in  company  with  Mr.  Giimbel,  of  Munich. 

The  nppennoet  strata  first  enumerated  immediately  nnderlie  the 
Lower  Lias  of  the  Swabian  Jura.  This  lias  ii  represented  near 
Vienna  by  a  brown  limestone,  containing  AmmonUet  Buehlandi,  A. 
Conybearii,  £c. 

Strata  below  the  Luu  in  the  Avttrian  Alp*,  in  deKending  Order. 

'Grey  BDd  black  L'mcMonc,  with  cakareoni  marls 
batiog  a  thickncM  of  aboat  60  r«et.  Among 
tha  fosDli,  Brachiopoda  Twy  Dnnwroiu  i  •nme 
few  tpedef  coninoii  lo  die  gennlna  IJast  many 
pecaliar.  Aeievla  eamlaria,  FecUM  Vahmittuu, 
Cardim  Khttticwm,  AviciJa  imigiavalvii,  Spiri' 
fir  Miauteri,  Dav.  Strata  eootaining  ihe  ^tote 
Annli  alternate  with  the  Dacluteia  b«da,  Ijing 
next  beloir. 

-White  or  grejith  limestone,  often  in  beds  3  or 
4  feel  thick.  Total  thickneas  of  the  fonnalion 
aboTe  2000  fe«.  Upper  part  fotBiliferoos,  with 
■ome  itrata  compowd  of  corala.  ^LiUiodaiJrcm.') 
Lower  portion  withoot  foaailt.  Among  the 
characteritlic  sheila  are  BeniKardiiaa  Widfirii, 
Mtgalodm  triqueltr,  and  other  large  biralTca. 

lied,  pink,  or  white  marble,  trota  800  k>  1000  feet 
Id  thickneu,  containing  more  than  800  ipeeici 
of  marine  louiU,  fw  the  tnoit  part  mollnaca. 
Uanj  apecies  of  Orlhocerat.  Trae  Ammimila, 
beiidea  CeratiU*  and  Goniatila,  Bdemiiiltt 
i),  Poreeilia,  FleiovloTiuiria,  Trochut,  M<ma- 


1,  KoesKn  beds. 

(Sjnonfma,  Upper  ! 
Caiman  beds  of  Eacher  aj 
Uerian.) 


3.  Daebitein  bedi. 


4.  A.  Gattenatein  bed*. 

B.  Werftn  beds,  hiae 

of   Upper    Trial  ? 

Lower  Tria*  of  aome 

geotogiita. 


'  A.  Black  and  grey  limeatone 
ISO  feet  thi^,  alternating 
with  the  anderl  jingWerfen 
beda 
B.  Bed  and  green  ihale  and 
tanditone,  with  Salt  and 

.     Gypenm. 


timong  the  foaaila  are 
Ceratitet  caitiania 
Mmcila  foMMoauU, 
fiiitictUa  eottala,  &c. 


In  regard  to  the  age  of  the  rocks  above  mentioned,  the  Koessen 
and  Dachstein  beds  have  been  referred  by  some  to  the  Lias,  by 
others  to  the  TriM,  while  many  have  considered  them  to  be  of  in- 
termediate date.  But  Mr.  Suess  has  shown  that  the  Koessen  beds 
correspond  to  the  upper  bone-bed  of  Swabia,  in  which  the  Micra- 
Uttei  was  found  (see  p.  430.),  and  the  sune  geologist  remarks  that 
some  of  the  fossils  of  the  beds  1.  and  2.  are  identical  with  the  Irish 
"  Fortrush  beds  "  of  General  Fortlock,  described  in  his  Report  on 
Londonderry.  The  Koessen  beds  have  been  traced  for  100  geo- 
graphical miles  from  near  Geneva  to  the  environs  of  Vienna. 

The  German  geologists  are  now  generally  agreed,  as  already 
stated,  that  the  Hallatadt  and  St.  Cassian  beds  are  of  the  age  of  the 
lower  port  of  the  Keaper  or  Upper  Trias  ;  but  whether  the  Werfen 
sandstone,  No.  4.,  should  form  pftrt  of  the  same  seiies,  or,  as  Ton 
Haner  inclines  to  believe,  should  be  classed  as  the  equivalent  of  "  the 
Banter  or  Lower  Trias,"  is-  still  undetermined.    The  absence  of 
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weU>chftracterized  Muachelkalk  foHils  id  the  Anetrian  Alps  renders 
this  point  veiy  difficult  to  decide.  Rich  deposits  of  salt,  aasoclMed 
with  the  WerTen  beds,  have  inclined  some  geolc^ists  to  presume 
that  they  belong  to  the  Upper  Trias.  Should  the;  be  clMsed  as 
'  BuDter,"  the  Gnttenatein  limestone  would  then  correspond  in 
position  with  the  Muscbelkalk.buC  no  Muscbelkallc  fossils  haTS  erer 
been  met  with  in  it  or  in  the  Werfen. 

Among  the  800  species  of  fossils  of  the  Hallstadt  uid  St.  Caasian 
beds,  many  are  still  nndescribed ;  some  are  of  new  and  peculiar 
genera,  as  Scoliottoma,  flg.  467.,  and  Platyttoma,  fig.  468.,  among  the 
Gasteropoda  j  and  Konmchia,  dg.  469.,  among  the  Brachiopoda. 

FI|.4«T.  Flf.tES. 


PMflma  Stmii. 


The  following  table  of  genera  of  marine  shells  from  the  Hallstadt 
and  St.  Cassian  beds,  drawn  up  on  the  joint  authority  of  MM.  Suess 
and  Woodward,  shows  how  many  connecting  links  between  the 
fauna  of  primary  and  secondary  rocks  are  supplied  by  the  St.  Cas- 
sian  and  Halbtadt  beds. 
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Genera  ofFottit  Molltuea  in  Ae  Si.  Caerian  and  HaUttadt  Bedt. 


Cjrtoeeru. 

Ceratitefc 

AmmonilM. 

OnboMnu. 

Scotiostoma  (or   Coeh- 

•BalBmnitw. 

i«™.). 

'Loiouenuk 

NaticellL 

Opii. 

■HtJopella. 

CMdJU. 

Hl>ldliK>DU. 

iKMTCa. 

TWpmU 

SC- 

U7DC0iiehiia. 

OWiefc     li[h 

■Ue«.lodoiL 

Mon^.. 

Plicwul.. 

cnti^ 

Koninckift. 

Tbe  geuen  marked  bj  an  aitcrtik  are  giren  on  the  aathoritj  of  Mr.  Sae«,  the 
mt  on  Lhat  of  Ur.  Woodward  from  foMkli  of  the  St.  Cawlan  rocki  in  che  Britlth 


The  first  colamn  marks  the  Uet  appearance  of  several  g«nera 
which  are  characteristic  of  PatKoioic  strata.  The  second  shows 
tbose  genera  which  are  characteristic  of  the  Upper  Trios,  either  as 
peculiar  to  it  or  as  reaching  their  maximum  of  development  at  this 
era.  The  third  column  marks  the  first  appearance  of  genera  des- 
tined to  become  more  abundant  in  later  ages. 

As  the  Ortboceras  had  never  been  met  with  in  the  marine  Mus- 
chelkalk,  much  surprise  was  naturally  felt  that  7  or  8  species  of  the 
;;enns  ahould  appear  in  the  Hallstadt  beds,  assuming  these  last  to 
belong  to  the  Upper  Trias.  Among  these  species  are  some  of  largo 
dimensions,  associated  with  lat^e  Ammonites  with  foliated  lobes,  a 
form  never  seen  before  so  low  in  the  series,  while  the  Orthoceras  had 
never  been  seen  so  high.  But  the  latter  genus  has  also  been'  met 
trith  in  the  Adnet,  or  Lias  strata  of  Austria,  as  I  was  assured  in 
1856  hj  several  eminent  geologists  of  Germany. 

Professor  Bamsay  has  lately  made  a  careful  analysis  of  the  lists 
given  by  Bronn  of  104  genera  and  774  species  of  fossils,  derived 
hoia  the   SL  Casaiui  beds,  of  all  classes  of  the  animal  kingdom, 
nearly  the  whole  of  them  iuvertebrata  ;  and  he  has  also  made  an 
analysisof  another  list  of  79  genera  and  427  species  of  fossils  from  the 
fame  beds,  drawn  up  by  askUful  naturalist,  the  late  Count  Miinster. 
The  results  arrived  at  in  both  cases   agree  very  closely,  proving 
that  somewhat  less  than  one-third  of  the  St.  Cassian  fossils  have 
a  primary    or   palnozoic,  and  two-thirds  of  them  a  secondary  or 
mesozoic  character.     There  would  be  nothing  wonderful  or  anoma- 
lous in  SDch  a  result,  were  it  not  that  the  fossils  of  the  Mnschelkalk, 
which  are  supposed  to  be  older  than  the  St.  Caasian  beds,  contain  a 
comparatively  small  proportion  of  primary  types,  to  that  a  paUeon- 
tologiat  would  naturally  presume,  says  Professor  Ramsay,  that  the 
Sl  Cassiai*   beds  were  a  stage  nearer  in  time  than  is  the  MuscheU 
kalk  to  tbe  Permian  period.    Bronn,  accordingly,  in  drawing  up 
hi*  catalogue,  placed  the  St  Cassian  beds  in  that  position,  or  ss 
btcmediate    between  the  Bunter-sandstein   and   the  Upper  Per- 
mian or  Zechatein.    It  must,  I  think,  be  admitted  that,  were  we 
not  controlled  by  the  decided  ophiion  as  to  the  order  of  snper- 
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position  to  which  the  most  able  liTing  surve^ore  of  the  AuBtriui 
Alps  have  come,  we  should  naturally  take  for  granted,  when  pre- 
eented  with  auch  a  section  as  that  given  at  p.  433.,  that  the  Muschel- 
kalk,  if  it  had  happened  to  be  present  at  Hallstadt,  wonid  have  over- 
laid the  bed  No.  3.,  instead  of  having  to  be  intercalated  between 
Noa.  3.  and  4.,  or  even  placed  below  No.  4. 

Whatever  ambignitj  maj  still  rem&in  in  manj  minds  respecting 
the  precise  chronological  relations  of  the  St  Cussian  beds,  no  one 
queatioDs  that  thej  are  Tri&ssic,  and  they  have  entirelj  dissipated  the 
notion  formerly  entertained  as  to  the  marine  fauna  of  the  whole 
Triassic  era  having  been  poverty-stricken.  The  St.  Cassian  fanna, 
moreover,  leads  us  to  expect  tbat,  should  we  hereaf^r  have  an  oppor- 
tunity of  studying  the  marine  fossik  of  the  lowest  division  of  the 
Bunter  sandstone,  the  present  break  between  the  Paheozoic  and 
Neozoic  forms  will  almost  entirely  disappear. 

Mutckelkalk. 

The  next  member  of  the  Trias  in  Germany,  the  Mutchelkalk,  which 
underlies  the  Keuper  before  described,  consists  chiefly  of  a  compact 
greyish  limestone,  but  includes  beds  of  dolomite  in  many  places, 
together  with  gypsum  and  rock  salt.  This  limestone,  a  formation 
wholly  unrepresented  in  England,  abounds  in  fossil  shells,  as  the 
name  implies.  Among  the  Cephalopoda  there  are  no  belemnites,  and 
no  ammonites  with  foliated  sutures,  as  in  the  lias  and  oohte  as  well 
as  in  the  Hallstadt  beds ;  but  we  find  instead  a  genns  allied  to  the 
Ammonite,  called  Ceratitet  by  De  Hun,  in  which  the  descending 
lobes  (see  a,  b,  e,  fig.  470.)  terminate  in  a  few  small  den ticulat ions 


pointing  inwards,  the  saddles  being  plane.  Among  the  bivalve 
shells,  the  Fotidoma  mtnuta,  Goldf.  {Eslkeria  minttfa,  Bronn),  (see 
fig>  471),  is  abundant,  ranging  through  the  Keuper,  Muschelkalk, 
and  Bunter-sandstein  ;  and  Aeicula  loeialu  (fig.  473.),  having  a 
similar  range,  is  found  in  great  numbers  in  the  Muschelkalk  of  G«r- 
many,  France,  and  Poland, 


MU8CHELKALK   AND  F038ILS. 


The  abundance  of  the  heads  and  atetne  ofU\jencriaitea,Etterinws 
liliiformit  (fig.  473.),  (or  Eticrinitei  monil^ormi*),  shows  the  glow 
p.    jjj  manner  in  which  some  beds  of  this  limestone  ha^a 

been  formed  in  clear  sea-water.  The  star-flBh 
called  Aapidura  loricata  {fig.  474.)  is  as  yet  pe- 
culiar to  the  Muschelkalk.     Id  the  same  formation 


are  found  the  skall  and  teeth  of  a  reptile  of  the  genas  Placodut  (see 
fig.  475.),  which  was  referred  origiually  b;  Count  Miinster,  and 


■.  VtltiU  lutcnflitUa.    (Sri-  V^ni* 

trerl/tlla.} 
b-  poFEton  of  une  munlAfd  to  «liow 


afterward!  bj  Agaeslz,  to  the  class  of  fishes.    But  more  perfect 
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Bpecimena  enabled  Professor  Owen,  in  1858,  to  ehow  that  this  foseil 
animal  wu  a  Saurian  reptile,  which  probably  fed  on  ebell-bearing 
mollueks,  and  used  its  short  and  flat  teeth,  so  tbicklj  coated  with 
enamel,  for  pounding  and  crushing  the  shells.* 

Sttnter-tandilein. 

The  BunUr-tandtlein  consists  of  variouB-colonred  sandstones, 
dolomites,  and  red  clays,  with  some  beds,  especiallj  in  the  Harts,  of 
calcareous  pisolite  or  roe-stone,  the  whole  sometimes  attaining  a 
thickness  of  more  than  1000  feet.  The  sandstone  of  the  Vosges, 
according  to  Von  Meyer,  is  proved,  by  the  presence  of  Lahyrini- 
thodon  and  other  fossils,  to  belong  to  this  lowest  member  of  the 
Triassic  group.  At  Sulzbad  (or  SoultE-les-bains),  near  Strasbarg, 
on  the  flanks  of  the  Vosges,  many  plants  have  been  obtained  from 
the  "  banter,"  especially  conifers  of  the  extinct  genua  VoUxia, 
peculiar  to  this  period,  in  which  even  the  fractiflcation  has  been 
preserved.     (See  fig.  476.) 

Out  of  thirty  species  of  ferns,  cycads,  conifers,  and  other  plants; 
enumerated  by  M.  Ad.  Brongniart,  in  1849,  as  coming  from  tbe 
"  Or^s  bigarr^"  or  Buoter,  not  one  is  common  to  the  Eeuper.f 
This  difference,  however,  may  arise  partly  from  the  fact  that  tbe 
flora  of  the  "  Bunter "  has  been  almost  entirely  derived  from  one 
district  (tbe  ueigbboarhood  of  Straeburg),  and  its  peculiarities  may 
be  local. 

The  footprints  of  a  reptile  (LabyriiUhodon)  bave  been  observed 
on  the  clays  of  this  member  of  the  Trias,  near  Hildbui^hausen,  in 
Sszony,  impressed  on  the  upper  surface  of  the  beds,  and  standing 
out  as  casta  in  relief  from  the  under  sides  of  incumbent  slabs  of 
sandstone.  To  these  I  shall  again  allude  in  the  sequel  j  they  attest 
as  well  ae  tbe  accompanying  ripple-marks,  and  the  cracks  which 
traverse  the  clays,  Uie  gradual  deposition  of  the  beds  of  this  for- 
mation in  shallow  water,  and  sometimes  between  high  and  low 
water. 

TWosno  Grovp  m  England, 

The  Trias  or  New  Bed  series  of  England  is  subdivided  by  Pro- 
fessor Ramsay  in  the  following  manner  : — 

{Kosnen  at  Fmuth  bedi  (Avkula  cmlerta  lODa). 
New  R«d  Msrl,  with  Btreaki  of  Sandatone. 
While  and  Brown  Sasdilone  and  Mori. 
r  Upper  Torie^ted  Sonditone, 
BonUr  <  Conglomerate  or  Pebble  beds. 
(.Lower  Yariegatad  Marble. 

Different  members  of  the  above  group  rest  in  England,  in  some 
region  or  other,  on  almost  every  principal  member  of  tbe  palteozoic 

*  Owen,  Fbil.  Trana.,  ISSS,  p.  169. 

t  Tableaa  du  Genrea  de  T^g.  Fom,  Did  Unlv„  18*9. 
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series,  on  Cambrian,  Silurian,  Devonian,  Carbouiferona,  uid  Per- 
mian rocks,  and  there  is  evidence  everywhere  of  distarbance,  con- 
lortioQ,  partial  upheaval  into  land,  and  vast  denudations  which  the 
older  rocka  underwent  before  and  during  the  deposition  of  the  snc- 
ceasive  strata  of  the  New  Sed  Sandstone  group.  It  was  stated 
(p.  417.)  that  the  Lower  Lias  in  the  south-west  of  England  con- 
tained near  its  base  strata  characterized  bj  Ammonitet  planorbU, 
below  which  beds  with  many  reptilian  remains  sometimes  occur. 

Still  lower,  on  the  boundary  line  between  tbe  Lias  and  Trias, 
certain  cream-colonred  limestones,  called  White  Lias  by  Smith,  are 
found  usaalty,  but  not  always,  without  fossils.  These  white  beds 
hare  lately  been  referred  by  Mr,  Chas.  Moore  to  what  he  calls  the 
Rhsetic  beds',  because  largely  developed  in  the  KhtBtian  Alps,  and 
which  are  the  same  as  the  Koessen  beds  of  Gr«rmaay,  No.  1., 
p.  433.  The  marine  oi^anic  remains  observed  in  them  near  Frome, 
in  Somersetshire,  show  that  they  appertain  to  the  highest  member 
of  the  Upper  Trias,  in  which  occur  the  sandstones  and  shales  with 
Aeieula  contorta  (fig.  479.),  together  with  other  fossil  shells  be- 
longing to  the  same  zone  in  Germany,  France,  and  Lombardy. 
Among  the  most  abnndant  of  the  sheila  in  all  these  countries  is  the 
above-mentioned  Avieula  (fig.  479.),  and  with  it  Carditim  rhaticun 
(fig.  477.)  and  Ptclen  ValonientU  (fig.  47S.). 

n(.  4T7.  Fi(.  A7i.  Fif.  m. 


CurmamrlHtMtum.  fn*a  CstaiitauA.    Drr. 

nil.  ilu.    UfiionaoH  Trill.  J  pit.  >l».    pgrtrntb.  . „ 

Ireliwl,   ke.      tlppir*  dig.    Cpptman  Trtu. 

The  principal  member  of  this  group  has  been  called  by  Dr. 
Wright  the  Avieula  contorta  bed  |,  as  this  shell  ia  very  abundant, 
and  has  a  wide  range  in  Europe.  General  Fortlock  first  described 
the  formation  as  it  occurs  at  Fortrush,  in  Antrim,  where  the  Avieula 
contorta  is  accompanied  by  Ptettn  Valonumit,  as  in  Germany. 
Tbe  beds  under  consideration,  although  of  moderate  thickness,  are 
already  rich  in  synonyms,  as,  besides  the  Grermao  names  mentioned 
at  page  433.  and  the  Bone-bed  series  of  many  geologists,  as  well  as 
tbe  Rluetic  beds  of  Mr.  C.  Moore,  it  has  lately  been  named  the 
Penartb  beds  by  the  Government  surveyors  of  Great  Britain,  from 
Feoarth,  near  Cardiff,  in  Glamorganshire,  where  these  strata  are 
diielj  exhibited  in  the  sea-cUSs. 
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The  best-knowDi  member  of  the  group,  a  thin  band  or  bon«> 
breccia,  is  conspicuous  among  the  black  ebales  in  the  neighbourhood 
of  Axmouth,  in  Devonshire,  and  in  the  clifls  of  Westbnry- on- Severn, 
as  well  as  at  Aust  and  other  places  on  the  borders  of  the  British 
Channel.  It  abounds  in  the  remains  of  saurians  and  fish,  and  was 
formerly  classed  as  the  lowest  bed  of  the  Lias  ;  but  Sir  F.  Egerton 
first  pointed  out,  in  1841,  that  it  should  be  referred  to  the  Upper 
New  Red  Sandstone,  because  it  contained  an  sasemblage  of  fossU 
fish  which  are  either  peculiar  to  this  stratum,  or  belong  to  species 
well  known  in  the  Muschelkalk  of  Germany.  These  fish  belong  to 
the  genera  Acrodiu,  Hybodui,  GyroUpit,  and  Saurichthya. 

Among  those  common  to  the  English  bone-bed  and  the  Hnschel- 
kalk  of  Gennany  are  Hybodui  plieatilit  (fig,  480.),  SaurichlAyt  apt- 
calit  (fig.  481.),  Gyrolepii  leHuutriafm  (fig.  482.),  and  G.  Albertii. 
Remains  of  saurians,  PUtiotaurut  among  others,  have  also  been 
found  in  the  bone-bed,  and  plates  of  an  Eneritius, 

Fi(.  «si.  Fi(.  in. 


Nftalui  lOicaimi.    Te*Ch. 


In  certain  grey  indurated  marls  below  the  bone-bed,  Mr.  Dawkins 
found,  at  Watcbett,  on  the  coast  of  Somersetshire,  in  1863,  a  two- 
fanged  molar  tootii  of  a  fossil  mammifer  of  the  Microlestes  family. 
Mr.  Chas.  Moore  had  previously  discovered  twenty-seven  teeth  of 
mammalia  of  the  same  family  near  Frome,  in  Somersetshire,  in  the 
contents  of  a  vertical  fissure  traversing  a  mass  of  carboniferous 
limestone.  The  top  of  this  fissure  mast  have  communicated  with 
the  bed  of  the  Triassic  sea,  and  probably  at  a  point  not  far  from  the 
ancient  shore  on  which  the  small  marsupials  of  that  era  abounded. 

The  strata  of  red  and  green  marl,  which  follow  the  bone-bed  in 
the  descending  order  at  Axmouth  and  Aust,  are  destitute  of  organic 
remains :  as  is  the  case,  for  the  most  part,  in  the  corresponding  beds 
in  almost  every  part  of  England.  But  fossils  have  been  found  at  a 
few  localities  in  sandstones  of  this  formation,  in  WoroMtershire  and 
Warwickshire,  and  among  them  the  bivalve  shell  called  Pondonia 
miavia,  Goldf.,  before  mentioned  (fig.  471.  p.  437.). 

The  member  of  the  English  "  Xew  Red  "  containing  this  shell,  in 
those  parts  of  England,  is,  according  to  Sir  Roderick  Mnrchison 
and  Mr.  Strickland,  600  feet  thick,  and  consists  chiefly  of  red  marl 
or  slatey  with  a  band  of  sandstone.    Ichthyodomlites,  or  spines  of 
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Hybodvs,  teeth  of  fiBhee,  and  footprints  of  reptiles  were  obBerred  \>y 
tbe  same  geologists  in  these  strata  ;  *  and  the  remains  of  a  saurian, 
called  Rhyncbosaurru,  have  been  found  in  this  portion  of  tbe  Tria.s 
nl  Grinsell,  near  Shrewsbury. 

In  Cheshire  and  Lancashire  the  gypseous  and  saliferous  red  shales 
and  clays  of  the  Trias  are  between  lOOU  and  1500  feet  thick.  In 
Eome  places  lenticular  masses  of  rock-salt  are  interpolated  between 
tbe  argillaceous  beds,  the  origin  of  which  will  be  spoken  of  in  the 

The  lower  division  or  English  representative  of  the  "Bunter" 
attains  a  thickDess  of  600  feet  in  the  counties  last  mentioned.  Be- 
sides red  and  green  shales  and  red  saadstonea,  it  comprises  much 
eoft  white  quartzose  sandstone,  in  which  the  trunks  of  silicifled  trees 
have  been  met  with  at  Allesley  Hill,  near  Coventry.  Several  of 
ihem  were  a  foot  and  a  half  in  diameter,  and  some  yards  in  length, 
decidedly  of  coniferous  wood,  and  showing  rings  of  annual  growth.^ 
Impreasions,  also,  of  the  footsteps  of  animals  have  been  detected  in 
Lancashire  and  Cheshire  in  this  formation.  Some  of  the  most  re- 
markable occur  a  few  miles  from  Liverpool,  in  the  whitish  quartzose 
Modstone  of  Slorton  Hill,  on  the  west  side  of  the  Mersey.  They 
bear  a  close  resemblance  to  tracks  first  observed  in  a  member  of  the 
Upper  Ifew  Red  Sandstone,  at  the  village  of  Hesseberg,  near  Uild- 
burghausen.  in  Saxony,  to  which  I  have  already  alluded.  For  many 
years  these  footprints  have  been  referred  to 
>  large    unknown    quadruped,    provisionally  '''*  *** 

named    Cheirolkerium    by    Professor    Kaup, 

because  the  marks  both  of  the  fore  and  bind 

feet  resembled  impressions  made  by  a  human  i 

hand.       (See   fig.    483.)      Tbe    footmarks   ai  I 

Hesseberg  are  partly  concave,  and  partly  iii  " 

relief ;    the  former,    or   the   depressions,   are  I 

seen  upon  the  upper  surface  of  the  sandstone 

slabs,  but  those  in  relief  are  only  upon  the  | 

lower    surfaces,  being   in   fact  natural   casts, 

formed     in     tbe   subjacent    footprints    as    in  *!?«.'*"' BuniM-Swae^i 

monlds.     The  larger  impressions,  which  seem    ^il.™' '  oiie-«i£hth  or  dm. 

to  be  those   of  tbe  bind  foot,  are  generally 

3  inches  in  length,  and  5  in  width,  and  one  was  12  inches  long. 

Xear  each  large  footstep,  and  at  a  regular  distance  (about  an  inch 


?^     ^t^     ^^ 

Lina  ortmuMpi  oa  ilub  of  unditoM.    HUdbucghiiuca,  In  Suon]r. 

■  Geo).  Trani.,  Second  Ser.,  vol.  r.  p.     p.  439.;  and   Marchiaon   and  Strick- 
IIB.,  Sec  laad,  QeoL  Trans.,  Second  Ser.,  voL  v. 

f  BockUnd,  Ptdc.  Q«oL  Soc,  voL  ii.    p.  347. 
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and  B  half),  before  it,  a  smaller  print  of  a  fore  foot,  4  inches  loDg  and 
3  inches  wide,  occurs.  The  footsteps  follow  each  other  in  pairs,  each 
pair  in  the  same  line,  at  intervalB  of  14  inches  fVoin  pair  to  pair. 
The  large  aa  well  as  the  small  steps  show  the  great  toes  altematelj 
on  the  right  and  left  side  {  each  step  makes  the  print  of  five  toes, 
the  first  or  great  toe  being  bent  inwards  like  a  tbamb.  Thongh  the 
fore  and  hind  foot  difier  so  much  in  size,  they  are  nearly  similar  in 
form. 

The  similar  Footmarks  afterwards  observed  in  a  rock  of  corre- 
sponding age  at  Storton  Hill  were  imprinted  on  five  thin  beds  of  clay, 
superimposed  one  upon  the  other  in  the  same  quarry,  and  separated 
by  beds  of  sandstone.  On  the  lower  surface  of  the  sandstone  strata, 
the  solid  costs  of  each  impression  are  salient,  in  high  relief,  and 
afford  models  of  the  feet,  toes,  and  claws  of  the  animals  which  trod 
un  the  clay.  On  the  same  surfaces  Mr,  J,  Cunningham  discorered 
(1839)  distinct  casts  of  rain-drop  markings. 

As  neither  in  Germany  nor  in  England  any  bones  or  teeth  had 
been  met  with  in  the  same  identical  strata  as  the  footsteps,  aoato- 
mists  indulged,  for  several  years,  in  various  conjectures  respecting 
the  mysterious  animals  fVom  which  they  might  have  been  derived. 
Professor  Kaup  suggested  that  the  unknown  quadruped  might  have 
been  allied  to  the  JUarmpialia  ;  for  in  the  kangaroo  the  first  toe  of 
the  fore  foot  is  in  a  similar  manner  set  obliqnely  to  the  others,  like  a 
thumb,  and  the  disproportion  between  the  fore  and  hind  feet  is  also 
very  great.  But  M.  Link  conceived  that  some  of  the  four  species  of 
animt^s  of  which  the  tracks  had  been  found  in  Saxony  might  have 
been  gigantic  Bairaehianis  and  Dr.  Buckland  designated  some  of 
the  footsteps  as  those  of  a  small  web-footed  animal,  probably  croco- 
dilian. 

In  the  course  of  these  discussions  several  naturalists  of  Liverpool, 
in  their  report  on  the  Storton  quarries,  declared  their  opinion  that 
each  of  the  thin  seams  of  clay  in  which  the  sandstone  oasts  were 
moulded  bad  formed  succeseivdy  a  sur&ce  above  water,  over  which 
the  Cheiroiherium  and  other  animals  walked,  leaving  impressions  of 
their  footsteps,  and  that  each  layer  had  been  afterwards  submerged 
by  a  sinking  down  of  the  surface,  bo  that  a  new  beaoh  was  formed  at 
low  water  above  the  former,  on  which  other  tracks  were  then  made. 
The  repeated  occurrence  of  ripple-marks  at  various  heights  and 
depths  in  the  red  sandstone  of  Cheshire  had  been  explained  in  the 
same  manner.  It  was  also  remarked  that  impressions  of  such  depth 
and  clearness  could  only  have  been  made  by  animals  walking  on  the 
land,  as  their  weight  would  have  been  insufficient  to  make  them  sink 
BO  deeply  in  yielding  clay  under  water.  They  must,  therefore,  have 
been  air-breathers. 

When  the  inquiry  had  been  brought  to  this  point,  the  reptilian 
remains  discovered  in  the  Trias,  both  of  Germany  and  England,  were 
carefully  examined  by  Fro£  Owen.  He  found,  after  a  microscopic 
investigation  of  the  teeth  from  the  German  sandstone  called  Eeuper, 
and  from  the  sandstone  of  Warwick  and  Leamington  (fig.  485.), 
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cbit  neither  of  them  conld  berefeired  to  true  sanriiiDB,  although  they 
hid  been  oamed  Maitodontaurut  and  Phgtotaurvs 
bj  Jager.     It  appeared  that  they  were  of  the  Ba-  "■■  *"■ 

tnuhian  order,  and  of  gigantic  dimensione  in  com- 
pMiMm  with  any  reproBentatives  of  that  order  now 
liTing.  Both  the  Continental  and  English  fossil 
teeth  exhibited  a  most  complicated  texture,  differ- 
ing from  that  previously  observed  in  any  reptile, 
wliether  recent  or  extinct,  but  moat  nearly  ana-  Twnh  o(  Lattnmke- 
iogons  to  the  Ichthyo*aurtu.  A  section  of  one  of  Sj^S^'ilSV.  *"" 
these  teeth  exhibits  a  series  of  irregular  folds,  re- 
Kmbling  the  labyrinthic  windings  of  the  surface  of  the  brain  i  and 
from  this  character  Prof.  Owen  has  proposed  the  name  LabyrinlkO' 
don  for  the  new  genus.  The  annexed  represenUtion  (fig,  486.)  of 
part  of  one  is  given  from  hie  "  Odontography,"  plate  64  A,  The 
Mlire  length  of  this  tooth  ia  supposed  to  have  been  about  three 
iochM  and  a  half,  and  the  breadth  at  the  base  one  inch  and  a  half. 

FIf .  4IG. 


a.  pnlpailL^,  (Von  nblcli  Ibi  procHut  of  polp  wid  dmllM  ndlila. 

When  Prof.  Owen  had  satisfied  himself,  from  an  inspection  of  the 
cranium,  jaws,  and  teeth,  that  a  gigantic  Batraehian  had  existed  at 
the  period  of  the  Trias  or  Upper  New  Bed  Sandstone,  he  soon  found, 
hota  the  examination  of  various  bones  derived  from  the  same  forma- 
tion, that  he  could  define  three  species  of  lAibyrinthodon,  and  that  in 
this  genns  the  hind  extremities  were  much  larger  than  the  anterior 
ones.  This  circumstance,  coupled  with  the  fact  of  the  Labj/rinthodon 
having  existed  at  the  period  when  the  Cheirotherian  footsteps  were 
made,  was  the  flrat  step  towards  the  identification  of  those  tracks 
with  the  newly  discovered  Batraehian,  It  was  at  the  same  time 
observed  that  the  footmarks  of  Ckeirotherium  were  more  like  those 
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of  toads  thaD  of  adj  other  living  animal ;  and,  lastly,  tliat  the  size  of 
tUe  three  species  o£  Labyrinthodon  corresponded  with  the  size  of 
three  different  kinds  of  footprints  which  had  already  been  supposed 
to  belong  to  three  distinct  Chetrotheria.  It  was  moreover  inferred, 
with  confidence,  that  the  Labyrinl/iodonyr&a  aa  air-breathing  reptile 
from  the  structure  of  the  nasal  cavity,  in  which  the  posterior  ontlets 
were  at  the  back  part  of  the  mouth,  instead  of  being  directly  under 
the  anterior  or  external  nostrils.  It  must  have  respired  air  after  the 
manner  of  saurians,  and  may  therefore  have  imprinted  on  the  shore 
thoiie  footsteps,  which,  as  we  have  seen,  could  not  have  originated 
from  an  animal  walking  under  water. 

But  the  structure  of  the  foot  is  still  wanting,  and  a  more  con- 
nected and  complete  skeleton  is  I'equired  for  demonstration ;  for  the 
circumstantial  evidence  above  stated  is  not  strong  enough  to  produce 
in  the  minds  of  some  eminent  anatomists  the  conviction  that  the 
Cheirotherium  and  Labyrinthodon  are  one  and  the  same. 

Dolomitic  CortglomeraU  of  Bristol. — Near  Bristol,  in  Somerset- 
shire, and  in  other  coanties  bordering  the  Severn,  are  certain 
strata  which  rest  unconformably  upon  the  coal-measures,  and  consist 
of  H  conglomerate  called  "  dolomitic,"  because  the  pebbles  of  older 
rockf  contained  in  it  are  cemented  together  by  a  red  or  yellow  base 
of  dolomite.  This  conglomerate  or  breccia  occurs  in  patches  over 
the  downs  near  Bristol,  and  upon  the  flanks  of  the  hills,  filling  up 
hollows  and  irrepularities  in  the  Old  Red  Sandstone,  Millstone  Grit, 
and  Mountain  Limestone.  The  embedded  fregmenls  are  both 
rounded  and  angular,  and  some  of  them  of  vast  sise,  especially  those 
of  millstone  grit,  weighing  nearly  a  ton.  It  is  principally  com- 
posed, at  every  spot  of  the  debris,  of  those  rocks  on  which  it  im- 
mediately rests.  At  one  point  we  find  pieces  of  coal-shale,  in 
another  of  mountain  limestone,  recogniiable  by  its  peculiar  shells  and 
zoophytes.  Fractured  bones,  also,  and  teeth  of  saurians  of  contem- 
poraneous origin,  are  dispersed  through  some  parts  of  the  breccia. 

These  saurians  are  distinguished  by  having  the  teeth  implanted 
deeply  in  the  jaw-bone,  and  in  distinct  sockets,  instead  of  being 
soldered,  as  in  frogs,  to  a  simple  alveolar  parapet.     In  the  dolomitic 


Tooth  of  /■aJMiHnu 


conglomerate  near  Bristol  the  remains  of  species  of  two  genera 
have  been  found,  called  Tkeeodantotavnit  and  Palaotauru*  by  Dr. 
Riley  and  Mr.  Stutchbury ;  •  the  teeth  of  which  are  conical,  com- 
pressed, and  with  finely  serrated  edges  (figs.  487.  and  488.). 

•  GeoL  Trao*.,  Second  Seriei,  voL  v,  p.  349,  PL  29.  fin.  I  and  5. 
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Messrs.  Conj'beare  and  Buckland  referred  the  ntrata  contMiiing 
these  saurianB  to  the  period  of  the  magnesiaa  limestone,  or  the 
lowest  part  of  thetr  Poikilitic  series,  and  for  a  long  time  these  reptiles 
ranked  as  the  most  ancient  representatives  of  their  class  which  had 
been  found  in  anj  British  rocks  ;  but  Sir  H.  De  la  Beche  afterwards 
pointed  oat  that,  in  consequence  ot  the  isolated  position  of  the 
breccia  containing  the  fossils  in  question,  it  was  very  difficult  to 
determine  to  what  precise  port  of  the  Poikilitic  series  they  be- 
longed.'  More  lately,  our  Government  surveyors  have  satisfied 
themselves  that  the  breccia  is  of  Triaesic  date,  probably  referable 
to  the  base  of  the  Keuper. 

Origin  of  Red  Sandstone  and  Bock  Salt. 

We  have  seen  that,  in  various  parts  of  the  world,  red  and  mottled 
clays  and  sandstones,  of  several  distinct  geological  epochs,  are 
found  associated  with  salt,  gypsum,  magnesian  limestone,  or  with 
one  or  all  of  these  substances.  There  is,  therefore,  in  all  likelihood, 
a  general  cause  for  such  a  coincidence.  Nevertheless,  we  must  not 
forget  that  there  are  deuee  masses  of  red  and  variegated  sandstones 
and  clays,  thousands  of  feet  in  thickness,  and  of  vast  horizontal  ex- 
lent,  wholly  devoid  of  saliferous  or  gypseous  matter.  There  are  also 
deposits  of  gypsum  and  of  muriate  of  soda,  as  in  the  blue  clay  forma- 
tion of  Sicily,  without  any  accompanying  red  sandstone  or  red  clay. 

To  account  for  deposits  of  red  mud  and  red  sand,  we  have  simply 
to  suppose  the  disintegration  of  ordinary  crystalline  or  metamorphic 
schists.  Thus,  in  the  eastern  Grampians  of  Scotland,  in  the  north 
of  Forfarshire,  for  exomplei,  the  mountains  of  gneiss,  mica-schist, 
and  clay-slate  are  overspread  with  alluvium,  derived  from  the  disin- 
tegration of  those  rocks  ;  aud  the  mass  of  detritus  is  stained  by 
oxide  of  iron,  of  precisely  the  same  colour  as  the  Old  Red  Sand- 
stone of  the  a^ioining  lowlands.  Now  this  alluvium  merely  ^c^qui^e^ 
to  be  swept  down  to  the  sea,  or  into  a  lake,  to  form  strata  of  red 
sandstone  and  red  marl,  precisely  like  the  moss  of  the  "  Old 
Red  "  or  "  New  Red  "  systems  of  England,  or  those  tertiary  deposits 
of  Auvergne  (see  p.  22].),  before  described,  which  are  in  litho- 
logical  characters  quite  undistinguiahable.  The  pebbles  of  gneiss 
in  the  Eocene  red  sandstone  of  Auvergne  point  clearly  to  the  rocks 
from  which  it  has  been  derived.  The  red  colouring  matter  may, 
as  in  the  Grampians,  have  been  furnished  by  the  decomposition  of 
hornblende  or  mica,  which  contain  oxide  of  iron  in  large  quantity. 

It  is  a  general  fact,  and  one  uot  yet  accounted  for,  that  scarcely 
any  fossil  remains  are  preserved  in  stratiSed  rocks  in  which  this 
oxide  of  iron  abounds  ;  and  when  we  find  fossils  in  the  New  or  Old 
Red  Sandstone  in  England,  it  is  in  the  grey,  and  usually  calcareous 
beds,  that  they  occur. 

The  gypsum  and  saline  matter,  occasionally  intersCratlfied  with 
such  red  clays  and  sandstones  of  vMJoua  ages,  primary,  secondary, 
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and  tertiary,  have  been  tliougbt  hj  some  geologists  to  be  of  volcanic 
origin.  Submarine  and  sabaerial  exhalations  often  occur  in  regions 
of  earthqaakea  and  volcanoes  far  from  points  of  actaal  eruption,  and 
charged  with  sulphur,  sulphuric  salts,  and  with  common  salt  or 
muriata  of  soda.  In  a  word,  such  "  solfataras  "  are  veuts  by  which 
all  the  products  which  iMue  in  a  state  of  sublimation  from  the  craters 
of  active  volctuiOes  obtain  a  passage  from  the  interior  of  the  earth 
to  the  surface.  That  such  gaseous  emanations  and  mineral  springs, 
impregnated  with  the  ingredients  before  enumerated,  and  ol^n  in- 
tensely Ijcnted.  continue  to  flow  out  unaltered  in  composition  and 
temperature  for  ages,  is  well  known.  But  before  we  can  decide  on 
their  real  instrumentality  in  producing  in  the  course  of  agtw  beds 
of  gypsum,  salt,  and  dolomite,  we  require  to  know  more  respecting 
the  chemical  changes  Actually  in  progress  in  seas  where  Tolcaoic 
agency  is  at  work. 

The  origin  of  rock  salt,  however,  is  a  problem  of  so  much  interest 
in  theoretical  geology  as  to  demand  the  discussion  of  another  hypo* 
thesis  advanced  on  the  snhject  i  namely,  that  which  attributes  the 
precipitation  of  the  salt  to  evaporattou,  whether  of  inland  lakes  or 
of  If^oons  communicating  with  the  ocean. 

At  Nortbwicb,  in  Cheshire,  in  the  TTpper  Trias  or  Eeuper,  two 
beds  of  salt,  in  great  part  unmixed  with  earthy  matter,  attain  the 
extraordinary  thickness  of  90  and  even  100  feet.  The  upper 
surface  of  the  highest  bed  is  very  uneven,  forming  cones  and  irre- 
gular figures.  Between  the  two  masses  there  intervenes  a  bed  of 
indurated  clay,  traversed  with  veins  of  salt  The  highest  bed  thins 
off  towards  the  south-west,  losing  15  feet  in  thickness  in  the  course 
of  a  mile.*  The  horizontal  extent  of  these  particular  masses  in 
Cheshire  and  Lancashire  is  not  exactly  known  ;  but  the  area,  con- 
taining eatiferous  clays  and  sandstones,  is  supposed  to  exceed  160 
miles  in  diameter,  while  the  total  thickness  of  the  triaa  in  the  same 
region  is  estimated  by  Mr.  Ormerod  at  more  than  1700  feet.  Ripple- 
marked  sandstones,  and  the  footprints  of  animals,  before  described, 
are  observed  at  so  many  levels  that  we  may  safely  auume  the 
whole  area  to  have  undergone  a  slow  and  gradual  depression  during 
the  fbrmation  of  the  Red  Sandstone.  The  evidence  of  such  a  move- 
ment, wholly  independent  of  the  presence  of  salt  itself,  is  very  im- 
portant in  reference  to  the  theory  under  consideration. 

In  the  "  Principles  of  Geology  "  (chap,  xxvii.),  I  published  amsp, 
furnished  to  me  by  the  late  Sir  Alexander  Burnes,  of  that  singular 
flat  region  called  the  Runn  of  Cutch,  near  the  delta  of  the  Indus, 
which  is  7000  square  miles  in  area,  or  equal  in  extent  to  about  one- 
fourth  of  Ireland.  It  is  neither  land  nor  sea,  but  is  dry  during  a 
pnrC  of  every  year,  and  again  covered  by  salt  water  during  the 
monsoons.  Some  parte  of  it  are  liable,  after  long  intervals,  to  I>e 
overflowed  by  river-water.    Its  surface  supports  no  grass,  but  is 
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encrusted  over,  here  and  there,  \>y  a  layer  of  Bait,  about  an  inch 
in  depth,  caused  bj  the  evaporation  of  sea-water.  Certain  tracts 
hare  been  converted  into  dr^  land  hj  upheaval  during  earthquakes 
since  the  commencement  of  the  present  century,  and,  in  other  direc- 
tions, the  houndariea  of  the  Runn  have  been  enlarged  by  subsidence. 
That  successive  layers  of  salt  might  be  thrown  down,  one  upon  the 
other,  over  thousands  of  square  miles,  in  such  a  region,  is  undeniable. 
The  supply  of  brine  from  the  ocean  would  be  as  inexhaustible  as 
the  supply  of  heat  from  the  sun  to  cause  evaporation.  The  only 
assumption  required  to  enable  us  to  explain  a  great  thickness  of 
salt  in  such  an  area  is,  the  continuance,  for  an  indefinite  period,  of 
a  subsiding  movement,  the  counti-y  preserving  all  the  time  a  general 
approach  to  horizontality.  Pure  salt  could  only  be  formed  in  the 
central  parts  of  basins,  where  no  sand  could  be  drifted  by  the  wind, 
or  sediment  be  brought  by  currents.  Should  the  sinking  of  the 
ground  be  accelerated,  so  as  to  let  in  the  sea  fVeely,  and  deepen  the 
water,  a  temporary  suspension  of  the  precipitation  of  salt  would  be 
the  only  result  On  the  other  hand,  if  the  area  should  dry  up, 
ripple-marked  sands  and  the  footprints  of  animals  might  be  formed, 
where  salt  had  previously  occumalated.  According  to  this  view,  the 
thickness  of  the  salt,  as  well  as  of  the  accompanying  beds  of  mud 
and  sand,  becomes  a  mere  qnestion  of  time,  or  requires  simply  a  re- 
petition of  similar  operations. 

Mr.  Hugh  Miller,  in  an  able  discussion  of  this  question,  refers  to 
Dr.  Frederick  Parrot's  account,  in  his  journey  to  Ararat  (1836),  of 
the  salt  lakes  of  Asia.  In  several  of  these  lakes  west  of  the  river 
Manech,  "  the  water,  during  the  hottest  season  of  the  year,  is 
covered  on  its  surface  with  a  crust  of  salt  nearly  an  inch  thick, 
which  is  collected  with  shovels  into  boats.  The  crystalli cation  of 
the  salt  is  effected  by  rapid  evaporation  from  the  sun's  heat  and  the 
supersatnration  of  the  water  with  muriate  of  soda;  the  lake  being 
so  shallow  that  the  little  boats  trail  on  the  bottom  and  leave  a  furrow 
behind  them,  bo  that  the  lake  must  be  regarded  as  a  wide  pan  of 
enormous  superficial  extent,  in  which  the  brine  can  easily  reach  the 
degree  of  concentration  required." 

Another  traveller.  Major  Harris,  in  his  "  Highlands  of  Ethiopia," 
describes  a  salt  lake,  called  the  Bahr  Assal,  near  the  Abyssinian 
frontier,  which  once  formed  the  prolongation  of  the  Gulf  of  Tadjara, 
but  was  afterwards  cut  off  from  the  gulf  by  a  brood  bar  of  lava  or 
of  land  upraised  by  an  earthquake.  "  Fed  by  no  rivers,  and  exposed 
in  a  burning  climate  to  the  unmitigated  raya  of  the  sun,  it  has 
shrunk  into  an  elliptical  basin,  seven  miles  in  its  transverse  axis. 
half  filled  with  smooth  water  of  the  deepest  cerulean  hue,  and  half 
with  a  solid  sheet  of  glittering  snow-white  salt,  the  ofiVpring  of 
evaporation."  "If,"  says  Mr.  Hugh  Miller,  "we  suppose,  instead  of 
a  barrier  of  lava,  that  ■and^harB  were  raised  by  the  surf  on  a  flat 
arenaceous  coast  during  a  slow  and  equable  sinking  of  the  surface, 
the  wal«rB  of  the  outer  gulf  might  occasionally  topple  over  the  bar. 
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and  supply  fresh  brine  vhen  the  first  atock  had  beea  exhausted  hy 
evaporation."  • 

We  may  add  that  the  permtinent  impregnation  of  the  waters  of 
a  large  shallow  basin  with  salt,  beyond  the  proportion  which  is  usual 
in  the  ocean,  would  cause  it  to  be  uninhabitable  by  mollusks  or  fish, 
as  is  the  case  in  the  Dead  Sea,  and  the  muriate  of  soda  might 
remain  in  excess,  even  though  it  were  occasionally  replenished  by 
irruptions  of  the  sea.  Should  the  saline  deposit  be  eventually  sub- 
mei^d,  it  might,  as  we  bare  seen  from  the  example  of  the  Runn  of 
Cutcb,  be  covered  by  a  freshwater  formation  containing  flnviatile 
organic  remains  ;  and  in  this  way  the  apparent  anomaly  of  beds  of 
i^ea-aalt  and  clays  devoid  of  marine  fossils,  alternating  with  others 
of  freshwater  origin,  may  be  explained. 

Dr.  G.  Buist,  in  a  communication  to  the  Bombay  Geographical 
Society  (vol.  ix.),  has  asked  how  it  happens  that  the  Red  Sea  should 
not  exceed  the  open  ocean  in  saltnesa  by  more  than  -j^^th  per  cent. 
The  Eed  Sea  receives  no  supply  of  water  from  any  quarter  save 
through  the  Straits  of  Babelmandeh ;  and  there  is  not  a  sitigle  rivef 
or  rivulet  flowing  into  it  from  a  circuit  of  4000  miles  of  shore.  The 
countries  around  are  all  excessively  sterile  and  arid,  and  composed, 
for  the  most  part,  of  bumiQ<;  deserts.  From  the  ascertained  eva- 
poration in  the  sea  itself,  Dr.  Boist  computes  that  nearly  8  feet 
of  pure  water  must  be  carried  off  from  the  whole  of  its  surface 
annually,  this  being  probably  equivalent  to  t1«*^  F*'*  of  its  whole 
volume.  The  Red  Sea,  therefore,  ought  to  have  1  per  cent,  added 
annually  to  its  saline  contents  ;  and  as  these  constitute  4  per  cent. 
by  weight,  or  2^  per  cent,  in  volume  of  its  entire  mass,  it  ought, 
assuming  the  average  depth  to  be  800  feet,  which  is  supposed  to 
be  far  beyond  the  truth,  to  have  been  converted  into  one  solid  salt 
formation  in  less  than  3000  years-f  Does  the  Red  Sea  receive 
a  supply  of  water  from  the  ocean,  through  the  narrow  Straits  of 
Babelmandeb,  sufficient  to  balance  the  loss  by  evaporation  ?  And 
is  there  an  undercurrent  of  heavier  saline  water  annually  flowing 
outwards  ?  If  not,  in  what  manner  is  the  excess  of  salt  disposed 
of  ?  An  investigation  of  this  sul^ject  by  our  nautical  surveyors  may 
perhaps  aid  the  geologist  in  framing  a  true  theory  of  the  origin  of 
rock-salt. 

Triat  of  the  United  StaUt. 

Coal-Afield  of  Richmond,  Vtrgirtia. — There  are  large  tracts  on  the 
globe,  as  in  Russia  and  the  Atlantic  border  of  the  United  States, 
where  all  the  members  of  the  oolitic  series  are  unrepresented.  In 
the  State  of  Virginia,  at  the  distance  of  about  13  miles  eastward  of 
lUcbmond,  the  capital  of  that  State,  there  is  a  regular  coal-fleld 
occurring  in  a  depression  of  the  granite  rocks  (see  section,  fig.  489.). 
It  extends  26  miles  from  north  to  south,  and  from  4  to  12  fi^m  east 


to  west.  Professor  W.  B.  Rogers  formerly  referred  these  strftta  to 
the  lower  part  of  the  Jurassic  group  ;  and  this  opinion  I  adopted  in 
former  editions  of  this  work,  after  collecting  a  large  number  of  fossil 
plant!!,  fish,  and  shells,  and  examining  the  coal-field  throaghout  its 
whole  area.  The  plants  consist  chiefly  of  samites,  calamites,  equiseta, 
and  ferns.  The  eqnieeta  are  very  commonly  met  with  in  a  vertical 
position  more  or  less  compressed  perpendicularly.  It  is  clear  that 
they  grew  in  the  places  where  they  are  now  buried  in  strata  of 
hardened  sand  and  mud.  I  found  them  maintaining  their  erect  atti- 
tude, at  points  many  miles  distant  from  others,  in  beds  both  above 
and  between  the  seams  of  coal.  In  order  to  explain  this  fact  we 
must  suppose  such  shales  and  sandstones  to  have  been  gradually 
accnmulated  during  the  slow  and  repeated  subsidence  of  the  whole 
region. 

It  is  worthy  of  remark  that  the  Equuetvm  eolumnare  of  these 
Virginian  rocks  appears  to  be  undistinguishable  from  the  species 
fonnd  in  the  oolitic  sandstones  near  Whitby  in  Yorkshire,  where  it 
also  is  met  with  in  an  upright  position.  One  of  the  Virginian  fossil 
ferns,  PecopUru  IVhttbymnt,  is  also  a  species  which  has  been  con- 
sidered as  common  to  the  Yorkshire  oolites,  although  Professor  Heer 
doubts  its  identity.* 

But  the  plants  upon  the  whole  are  considered  by  Professor  Heer 
to  have  the  nearest  affinity  to  those  of  the  European  £euper.  When 
Sir  Charles  Bunbury  compared  them  in  1847  to  the  fossil  plants  of 
Neueweld  near  Basle,  and  of  other  plant-bearing  rocks  near  Baireuth, 
he  supposed,  as  Unger  had  done  before  him,  that  those  localities 
were  Liassic,  whereas  geologists  afterwards  determined  them  to  be 
of  Upper  Triassic  date. 

The  fossil  fish  are  Ganoids,  some  of  them  of  the  genus  Catopterut, 
others  belonging  to  the  liassic  genus  Tetragonolapit  (jEehmodiu), 
see  fig.  452.  p.  418.  Fossil  mollusca  are  very  rare,  as  usually  in  tii 
coal-bearing  deposits,  but  two  species  of  Entomottraca  called 
Ettkeria  are  in  such  profusion  in  some  shsly  beds  as  to  divide  them 
like  the  plates  of  mica  in  micaceous  shales  (see  fig.  490.). 


iX.oogIc 


These  Virgini&n  coal-meoeurea  are  composed  of  grits,  suidstoDcs, 
tnd  Bb&lee,  exactly  resembllDg  those  of  older  or  primuy  date  in 


America  and  Europe,  and  they  rival  or  even  sarpaas  the  latter  iq 
the  richness  and  thickness  of  the  coal-seams.  One  of  these,  the  main 
peam.  is  in  some  places  fVom  30  to  40  feet  thick,  composed  of  pare 
bituminous  coal.  Ou  deecending  a  shaft  800  feet  deep,  in  the 
Blackheath  mines  in  Chesterfleld  County,  I  found  mjeelf  in  a 
chamber  more  than  40  feet  high,  caused  by  the  removal  of  this  coal. 
Timber  props  of  great  strength  supported  the  roof,  bat  they  ^rere 
seen  to  bend  under  the  incumbent  weight.  The  coal  is  like  the 
finest  kinds  shipped  at  Newcastle,  and  when  analysed  yields  the 
same  proportions  of  carbon  and  hydrogen — a  fact  worthy  of  notice 
when  we  consider  that  this  fuel  has  been  derived  fh)m  ui  assemblage 
of  plants  very  distinct  speciScalty,  and  in  part  generically,  from 
those  which  have  contributed  to  the  formation  of  the  ancient  or 
paleozoic  coal. 

New  Rtd  Sand»lon»  of  the  Valley  of  the  Conneeticttt  River. — In 
a  depression  of  the  granitic  or  hypogene  rocks  in  the  States  of 
Massachusetts  and  Connecticut,  strata  of  red  sandstone,  shale,  and 
conglomerate  are  found,  occupying  an  area  more  than  150  miles  in 
length  from  north  to  south,  and  about  5  to  10  miles  in  breadth,  the 
beds  dipping  to  the  eastward  at  angles  varying  from  5  to  50  degrees. 
The  extreme  inclination  of  50  degrees  is  rare,  and  only  observed  in 
the  neighbourhood  of  masses  of  trap  which  have  been  intruded  inio 
the  red  sandstone  while  it  was  forming,  or  before  the  newer  parts  of 
the  deposit  had  been  completed.  Having  examined  this  series  of 
rocks  in  many  places,  I  feel  satisfied  that  they  were  formed  in  shallow 
water,  and  for  the  most  part  near  the  shore,  and  that  some  of  the 
beds  were  from  time  to  time  raised  above  the  level  of  the  water,  and 
laid  dry,  while  a  newer  series,  composed  of  similar  sediment,  was 
forming.  The  red  flags  of  thin-bedded  sandstone  are  often  ripple> 
marked,  and  exhibit  on  their  under-sides  casts  of  cracks  formed  in 
the  underlying  red  and  green  shales.  These  last  must  have  shrunk 
by  drying  before  tlie  sand  was  spread  over  them.     On  some  shales 
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of  the  finest  texture  impressions  of  raia-drops  may  be  seen,  iind  casts 
of  them  in  the  incumbent  argillaceous  sandstones.  Having  ob- 
served similar  markings  produced  by  shoTrers,  of  which  the  precise 
date  was  known,  on  the  recent  red  mud  of  the  Bay  of  Fundy,  and 
casts  in  relief  of  the  same  od  layers  of  dried  mud  thrown  down  by 
subsequent  tides",  I  feel  no  doubt  in  regard  to  the  origin  of  some  of 
the  ancient  Connecticut  impressions.  I  have  also  seen  on  the  mud- 
flats of  the  Bay  of  Fundy  the  footmarks  of  birds  {Tringa  minwla), 
which  daily  run  along  the  borders  of  that  estuary  at  low  water 
and  which  I  have  described  in  my  travels.f  Similar  layers  of  red 
inud,  DOW  hardened  and  compressed  into  shale,  are  laid  open  on  the 
hanks  of  the  Connecticut,  and  retain  faithfully  the  impressions  and 
casta  of  the  feet  of  numerous  birds  and  reptiles  which  walked  over 
them  at  the  time  when  they  were  deposited,  probably  in  the  Triassic 
period. 

According  to  Professor  Hitchcock,  the  footprints  of  no  less  than 
thirty-two  species  of  bipeds  and  twelve  of  quadrupeds,  have  been 
already  detected  in  these  rocks.  Thirty  of  these  are  believed  to  be 
those  of  birds,  four  of  lizards,  two  of  chelonians,  and  six  of  balra- 
chians.  The  tracks  have  been  found  in  more  than  twenty  places, 
scattered  through  an  extent  of  nearly  80  miles  from  north  to  south, 
and  they  are  repeated  through  a  succession  of  beds  attaining  at 
some  points  a  thickness  of  more  than  1000  feet,  which  may  have 
been  thousands  of  years  in  forming.^ 

As  considerable  scepticism  is  naturally  entertained  in  regard  to 
the  nature  of  the  evidence  derived  from  footprints,  it  may  be  well 
to  enumerate  some  facts  respecting  them  on  which  the  faith  of  the 
(geologist  may  rest.  When  I  visited  the  United  States  in  1842,  more 
than  2000  impressions  had  been  observed  by  Professor  Hitchcock, 
in  the  district  alluded  to,  and  all  of  them  were  indented  on  the 
upper  surface  of  the  layers,  while  the  corresponding  casts,  standing 
out  in  relief,  were  always  on  the  lower  surfaces  or  planes  of  the 
strata.  If  we  follow  a  single  line  of  marks  we  lind  them  uniform 
in  size,  and  nearly  uniform  in  distance  from  each  other,  the  toes  of 
two  SQCcessive  footprints  turning  alternately  right  and  left  (see  fig. 
491.).  Such  single  lines  indicate  a  biped  ;  and  there  is  generally 
such  a  deviation  from  a  straight  line  in  any  three  successive  prinlti, 
as  we  remark  in  the  tracks  left  by  birds.  There  is  also  a  striking 
relation  between  the  distance  separating  two  footprints  in  one  serie.', 
and  the  size  of  the  impressions  ;  in  other  words,  an  obvious  propor- 
tion between  the  length  of  the  stride  and  the  dimension  of  the 
creature  which  walked  over  the  mud.  If  the  marks  are  small,  tbey 
may  be  half  an  inch  asunder  ;  if  gigantic,  as,  for  example,  where 
the  toes  are  20  inches  long,  they  are  occasionally  4  feet  and  a  half 
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apart.     The  bipedal  impressions  are  for  the  most  part  trifid,  and 
Bbow  the  same  number  of  jointa  as  exist  in  the  feet  of  living  tridac- 
tjlouB  birds.     Now,  such  birds  hare  three  phalangeal  bones  for  the 
inner  toe,  four  for  the  middle,  and  five  fijr  the  outer 
Fii-  «J-        one  (see  fig.  491.)  ;  but  the  impression  of  the  ter- 
minal joint  is  that  of  the  nail  only.     The  fossil  foot- 
prints exhibit  regularly,  where  the  joints  are  seen, 
the  same  number  ;  and  we  see  in  each  continuous 
line  of  tracks  the  three-jointed  and  five-joinled  toes 

!  placed  alternately  outwards,  first  on  the  one  aide  and 
then  on  the  other.     In  some  specimens,  bendes  im- 
pressions of  the  three  toes  in  front,  the  mdiment  is 
seen  of  the  fourth  toe  behind.     It  is  not  often  that 
M  the  matrix  has  been  fine  enough  to  retain  impressions 
if  of  the  integument  or  akin  of  the  foot ;  but  in  one 
I  fine  specimen  found  at  Turner's  Falls  on  the  Connec- 
ticut, by  Dr.  Deane,  these  markings  are  well  pre- 
served, and  have  been  recognized  by  Professor  Owen 
'  as  resembling  the  skia  of  the  ostrich,  and  not  that  of 
I  reptiles.*     Much    care  is  required  to  ascertain  the 
precise  layer  of  a  laminated  rock  on  which  an  animal 
I  Jias  walked,  because  the  impression  usually  extends 
I  downwards   through   several   lftmin» ;    and    if    the 
tipper  layer  originally  trodden  upon  is  wanting,  the 
I  mark  of  one  or  more  jointa,  or  even  in  some  cases  an 
I  «ntire  toe,  which  sank  less  deep  into  the  soft  ground, 
.   may  disappear,  and  yet  the  remainder  of  the  footpriol 
be  well  defined. 
"rSSr.'XiiliJ  via"      '^'^^  "''^  "^  seveml  of  the  fossil  impressions  of  the 
lejot  ibe  conniK-  Connecticut  red  sandstone  so  far  exceeds  that  of  any 
DniK.   Hfin.   sf  living  ostrich,  that  naturalists  at  first  were  extremely 
tr.  IMS.)     ''      '  adverse  to  the  ojnnion  of  their  having  heen  made  by 
birds,  until  the  bones  and  almost  entire  skeleton  of 
the  DiTwrnie  and  of  «ther  feathered  giants  of  New  Zealand  were 
discovered.     I^eir  dimensions  have  at  least  destroyed  the  force  of 
this  particular  objection.     The  magnitude  of  the  impressions  of  the 
feet  of  a  heavy  animal,  which  has  walked  on  soft  mad,  increases  for 
some  distance  below  the  surface  originally  trodden  upon.     In  order, 
therefore,  to  guard  against  exaggeration,  the  easts  rather  thhu  the 
mould  arc  relied  on.    These  casts  show  that  some  of  the  fossil  bipeds 
hud  feet  four  times  a*  large  as  the  ostrich,  but  not  perhaps  mncli 
larger  than  the  Dinomit. 

The  eggs  of  another  gigantic  bird,  called  ^piamu,  which  has 
probably  been  exterminated  by  ra&n,  bare  recently  been  discovered 
in  an  alluvial  deposit  in  Madagascar.     The  ^g  baa  six  times  the 

■  Thi*    iip«r!ni«n    wu   in    the   late    (mail  and  the  tar^tt  of  the  Connctticat 
Dr.  Mimell's  muicum.  and  indicated  ■     gpeciei. 
bird  of  aiiie  iniermediate  between  tha 
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capaci^  of  that  of  the  ostrich  ;  but,  judging  trom  the  large  size  of 
the  egg  of  the  Apteryx,  Frofedsor  Owen  does  not  believe  that  the 
^jptonu*  exceeded,  if  indeed  it  equalled,  the  Dinomu  in  stoture. 

Among  the  eapposed  bipedal  tracks,  a  single  distinct  animal  only 
htts  been  obserred  of  feet  in  which  therp  are  four  toes  directed  for- 
wards. In  this  case  a  series  of  four  footprints  is  seen,  each  22 
'  inches  long  and  12  wide,  with  joints  much  resembling  thom  in  th>^ 
toes  of  birds.  Professor  Agassis  has  suggested  that  it  might  have 
belonged  to  a  gigantic  bipedal  bfttrochian.  Other  naturalists  hare 
called  our  attenti<m  to  the  fact,  that  some  quadruped^  when  walk- 
ing, place  the  hind  foot  so  precisely  on  the  spot  just  quitted  hy  the 
tore  foot,  as  to  produce  a  single  line  of  imprints,  like  those  of  a 
biped  I  and  Mr.  Waterhouse  Hawkins  has  remarked  that  certain 
species  of  frogs  and  lizards  in  Australia  have  the  two  outer  toes 
so  slightly  developed  and  so  much  raised  that  they  might  leave 
tridactylons  footprints  on  mud  and  sand.  Another  osteologist,  Dr. 
Leidy,  in  the  United  States,  observed  to  me  that  the  pterodactyl 
was  a  bipedal  repute  approaching  the  bird  so  nearly  in  the  structure 
and  shape  of  its  wing-bones  and  tibin,  that  some  of  these  last, 
obtained  from  the  Chalk  and  Wealden  in  England,  had  been  mis- 
taken by  the  highest  authorities  for  true  birds'  bones.  May  not  the 
foot,  therefore,  of  a  pterodactyl  have  equally  resembled  that  of  a 
bird  ?  Be  this  as  it  may,  the  greater  number  of  the  American 
impressions  agree  so  precisely  in  form  and  sice  with  the  foot- 
marks of  known  living  birds,  especially  with  those  of  waders,  that 
we  shall  act  most  in  accordance  with  known  analogies  by  referring 
most  of  them  at  present  to  feathered,  rather  than  to  featherless 
bipeds. 

No  bones  have  as  yet  been  met  with,  whether  of  pterodactyl  or 
bird,  in  the  rocks  of  the  Connecticut,  but  there  are  mimerona  copro- 
lites  ;  and  an  ingenious  argument  has  been  derived  by  Dr.  Dana 
fl-om  the  analysis  of  these  bodies,  and  the  proportion  they  contain  of 
uric  acid,  phosphate  of  lime,  carbonate  of  lime,  and  organic  matter, 
to  show  that,  like  guano,  they  are  the  droppings  of  birds  rather  than 
of  reptiles. 

Some  of  the  quadrupedal  footprints  which  accompany  those  of 
birds  axe  analogous  to  European  CheirolAeria,  and  with  a  similar 
disproportion  between  the  hind  and  fore  feet.  Others  resemble  that 
remarkable  reptile,  the  RhynehotaurwM  of  the  English  Trios,  a  crea- 
ture having  some  relation  in  its  osteology  both  to  cbelonians  and 
birds.     Other  imprints,  again,  are  like  those  of  turtles. 

Mr.  Darwin,  in  his  "  Journal  of  a  Voyage  in  the  Beagle,"  informs 
us  that  the  "  South  American  ostriches,  although  they  live  on  v^e- 
table  matter,  such  as  roots  and  grass,  are  repeatedly  seen  at  Babia 
Blanca  (lat.  39°  S.),  on  the  coast  of  Buenos  Ayres,  coming  down  at 
low  water  to  the  extensive  mud-banks  which  are  then  dry,  for  the 
sake,  as  the  Guachos  say,  of  feeding  on  small  fish."  They  readily 
take  to  the  water,  and  have  been  seen  at  the  Bay  of  San  Bias,  and 
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at  Port  Valdec,  in  Patagonia,  swimming  from  island  to  island.*  Jt 
in  ilierefore  evident,  that  in  our  times  a  South  American  mnd-banL 
might  be  trodden  simultaneously  hj  ostriches,  alligators,  tortoises, 
and  frogs  ;  and  the  impressions  left,  in  the  nineteenth  centurj,  by 
the  ftet  of  these  various  tribes  of  animals,  would  not  differ  from 
each  other  more  entirely  than  do  those  attributed  to  birds,  saurian^ 
chelonians,  and  batrachians  in  the  rocks  of  the  Connecticut. 

To  determine  the  exact  age  of  the  red  sandstone  and  shale  con- 
taining these  ancient  footprints  in  the  United  States,  is  not  possible 
at  present.  No  fossil  shells  have  yvt  been  found  in  the  deposit,  nor 
plants  in  a  determinable  state.  The  fossil  fish  are  numerous  and 
very  perfect ;  but  they  are  of  a  peculiar  type,  which  was  originally 
referred  to  the  genus  Patteonitctu,  but  has  since,  with  propriety, 
been  ascribed,  by  Sir  Philip  Egerton,  to  a  new  genus.  To  this  he 
has  given  the  name  of  Itehi/pleruM,  from  the  great  sise  and  strength 
of  the  fulcral  rays  of  the  dorsal  fin  (from  i^xvc,  strength,  and  wrtpo- , 
a  fin).  They  difi'er  from  /'aJmmiseiM,  as  Mr.  Redfield  fir«t  painted 
out,  by  having  the  vertebral  column  prolonged  to  a  more  limited  ex- 
tent into  the  upper  lobe  of  the  tail,  or,  in  the  language  of  M.  Agassis^, 
they  are  less  heterocercal.  The  teeth  also,  according  to  Sir  P. 
Egerton,  who,  in  1844,  examined  for  me  a  tine  series  of  specimens 
which  I  procured  at  Durham,  Connecticut,  differ  from  those  of  Palao- 
Kueut  in  being  strong  and  conical. 

That  the  sandstones  containing  these  fish  are  of  older  date  than 
the  coal-bearing  strata  near  Richmond  in  Virginia,  which  have 
been  shown  (p.  449l)  to  be  about  the  age  of  the  European  Kenper, 
u  probable.  The  high  antiquity  of  the  Connecticut  beds  cannot 
be  proved  by  direct  superposition,  but  may  be  presumed  from  the 
general  structure  of  the  country.  That  structure  proves  theui 
to  be  newer  than  the  movements  to  which  the  Appalachian  or 
Alleghany  chain  owes  its  flexures,  and  this  chain  includes  the  an- 
cient or  palnozoic  coal-formation  among  its  contorted  rocks.  The 
unconformable  position  of  this  Neto  Red  with  omithichnites  ou 
the  edges  of  the  inclined  primary  or  paleozoic  rocks  of  the  Ap- 
palachians is  seen  at  4.  of  the  section,  fig.  552.  p.  494.  The  ab- 
sence of  fish  with  decidedly  heterocercal  tails  may  aSbrd  an  argu- 
ment against  the  Permian  age  of  the  formation  ;  and  the  opinion 
^at  the  red  sandstone  is  triassic  seems,  on  the  whole,  the  best  that 
we  can  embrace  in  the  present  state  of  our  knowledge. 

In  North  Carolina,  the  Ut«  Professor  Emmons  has  described  the 
strata  of  the  Chatham  coal-field,  which  correspond  in  age  to  those  near 
Richmond  in  Virginia.  In  beds  underlying  them  he  has  met  with 
three  jaws  of  a  small  insectivorous  mammal,  which  he  has  called 
Dromalherium  $ylvetlTe,  closely  allied  to  Spalaeot/ierium.  Its  nearest 
living  analogue,  says  Professor  Owen,  "  is  found  in  Myrmecohius  ; 
for  each  ramus  of  the  lower  jaw  contained  ten  small  molars  in  a 

■  JouruL^^l  of  Vo7sg>  of  Besgle,  &c.,  Ind  edit.,  p.  89..  ld4S 
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conttQQOus  series,  one  canine,  and  three  conical  incisors — the  latter 
being  divided  by  short  intervals."  There'  is  every  reason  to  believe 
that  this  fossil  quadruped  is  at  least  as  ancient  as  the  Microlestee  of 
the  European  Trias  above  described  i  and  the  fact,  as  I  have  already 
remarked,  p.  387..  is  highly  important,  as  proving  that  a  certain  low 
grade  of  marsupial s  had  not  only  a  wide  range  in  time  iVom  the 
Trias  to  the  Pnrbeck  or  uppermost  oolitic  strata  of  Europe,  bat  hiid 
also  a  wide  range  in  space,  namely,  from  Europe  to  North  America, 
in  an  east  and  west  direction,  and,  in  regard  to  latitude,  from  Stoueii- 
field,  in  52°  S.,  to  that  of  North  Carolina,  35°  N. 
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CHAPTER  XXIIL 

FXBIUAK  OB  HAGHZ8UM  LIHESTONe  GR0C7. 

Fouib  of  Magneaian  limotone  >nd  I^irer  Niir  Bad  distinct  from  the  TVianic — 
Term  Permian — English  and  Germaii  equiralenli — Manoe  (bella  aad  conb  of 
Eogliih  Migneuan  LimMtone — Ftbeonitciu  and  otber  Sili  of  the  marl-iUte 
Zedutein  and  Bothlicgendei  of  Thuringia — Permian  Flora— Iti  generic  affinitj 
10  the  CarbonitoHu — PiaiooiM*  or  tree-fenu. 

When  the  use  of  the  term  "  Poikilitic  **  ma  exphuned  in  the  Iwt 
chapter,  I  stated,  that  in  eome  p&rta  of  EagUnd  it  is  scarcely  possible 
to  sepmrate  the  red  marls  and  sandstones  so  called  (originall;  named 
"  the  New  Bed")  into  two  distinct  geological  systems.  Nevertheless, 
the  progress  of  investigation,  and  a  careful  comparison  of  English 
rocks  between  the  lias  and  the  coal  with  those  occupying  a  similar 
geological  position  in  Germany  and  Russia,  have  enabled  geologists 
to  divide  the  Poikilitic  formation  ;  and  have  even  shown  that  the 
lowermost  of  the  two  divisions  is  more  closely  connected,  by  its  fossil 
remains,  with  the  carboniferoas  group  tb&n  with  the  triu.  If, 
therefixrc^  we  are  to  draw  a  line  between  the  secondary  and  primary 
fosailiferous  strata,  as  between  the  tertiary  and  secondary,  it  must 
run  through  the  middle  of  what  was  oace  called  the  "  New  Red," 
or  Poikilitic  group.  The  inferior  half  of  this  group  will  rank  as 
Primary  or  Pabeozic,  while  its  upper  member  will  form  the  base  of 
the  Secondary  or  Uesosoic  series.  For  the  lower,  or  Magnesian 
Limestoue  division  of  English  geologists.  Sir  R.  Murchison  proposed, 
in  1841,  the  name  of  Permian,  from  Perm,  a  Russian  government 
where  these  strata  are  more  extensively  developed  than  elsewhere, 
occupying  aa  area  twice  the  sice  of  Fraoc^  and  containing  an 
abundant  and  varied  suite  of  fossils. 

Professor  King,  in  his  valuable  monograph  *  of  the  Permian  fossils 
of  England,  has  given  a  table  of  the  following  six  members  of  the 
Permian  system  of  the  north  of  England,  with  what  he  conctiivee 
to  be  the  corresponding  formations  in  Thuringia, 

North  of  BDRluid.  Tbiiiliitta. 

I.  Crjrtalline  or  coDCredonaij,  and        1.  Stiakitein. 

non-cryiuUioe  limeatone. 
SL  Brecaiated  and  pnado-brecciated        2.  Ranchwacke. 

limetlone.  • 

5.  Fusuliferooa  lime*ton«.  8.  Dolomite,  or  Upper  Zecbsteio. 
4.  Compact  limestone.  4.  Zechileiii,  or  Loirar  Zechitein. 

9.  Marl-alaie.  5.  Mcrgel-scbiefer,  or  Enpfencfaieto. 

6.  Inferior  sandatonet  of  Tarioot  co-         i.  BotUiegendea. 

■  Palnontographieal  Society,  18G(k,  London. 
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I  ghftll  proceed,  therefore,  to  treat  briefij  of  these  subdiriBioDs, 
beginoiag  wjtfa  the  highest,  Knd  referring  the  reader,  for  a  fuller 
deecrijition  of  the  lithological  character  of  the  ^hole  group,  as  it 
occnre  in  the  north  of  England,  to  a  valuable  memoir  by  Professor 
Sedgwick,  published  in  1835.* 

CryttaUine  or  eoncretionary  Umeitone  {No.  I.). — This  formation 
is  seen  upon  the  coast  of  Durham  and  Yorkshire,  between  the  Wear 
and  the  Tees.  Among  its  characteristic  fossils  are  Sekixodu*  Sehlo- 
themi  (Bg.  492.)  and  MytUiu  t^tifer  (fig.  494.). 

Ftg.  491.  Fig.  4M.   , 


ScMu^u  ScklMluimi, 


These  shells  occur  at  Hartlepool  and  Sunderland,  where  the  rock 
assumes  an  oolitic  and  botryoidal  character.  Some  of  the  beds  in  this 
division  are  ripple-marked-,  and  Mr.  King  im^ines  that  the  absence 
of  corals  and  Uie  character  of  the  shells  indicate  shallow  water.  In 
some  parts  of  the  coast  of  Durham,  where  the  rock  is  not  crystalline, 
it  contwns  as  much  as  44  per  cent,  of  carbonate  of  magnesia,  mixed 
with  carbonate  of  lime.  In  other  places — for  it  is  extrentelj  vari- 
able in  structm^— it  consists  chiefly  of  carbonate  of  lime,  and  has 
concreted  into  globular  and  hemispherical  masses,  varying  ttom  the 
size  of  a  marble  to  that  of  a  cannon-ball,  and  radiating  from  the 
centre.  Occasionally  earthy  and  pulvemleat  beds  pass  into  compact 
Umestone  or  hard  granular  dolomite.  The  stratification  is  very  ir- 
regular, in  some  places  well  defined,  in  others  obliterated  by  the 
concreti on aiy  action  which  has  re-arranged  thematerials  of  the  rocks 
subsequently  to  their  original  deposition,  Examples  of  this  are  seen 
at  Fontefract  and  Ripon  in  Yorkshire. 

The  breeeiaUd  Umeitone  (No.  2.)  contains  no  fragmeote  of  foreign 
rocks,  but  seems  composed  of  the  breaking-up  of  the  Permian  lime- 
sTone  itself,  about  the  timn  of  its  consolidation.  Some  of  the  angular 
masses  in  Tynemouth  Cliff  are  2  feet  in  diameter,  'lliie  breccia  is 
considered  by  Professor  Sedgwick  as  one  of  the  fonns  of  the  preced- 
ing limestone.  No.  1.,  rather  than  as  regularly  underlying  it.  The 
fragments  are  angular  and  never  water-worn,  and  appear  to  have 
been  re^cemented  on  the  spot  where  they  were  formed.  It  is,  there- 
fore, suggested  that  they  may  have  been  due  to  those  internal  move> 
ments  of  the  mass  which  produced  the  conci'etionary  structure ;  but 
the  subject  is  very  obscure,  and  after  studying  the  phenomenon  in 
the  Marston  Kocks,  on  the  coast  of  Durham,  I  found  it  impossible 

■  Truu.  OsoL  doe.  Load.,  Second  Sarics,  vol  iiL  p.  ST. 
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to  iorm  any  positive  opinion  on  the  subject.  The  well-known  brec- 
ciated  limeatonee  of  tlie  Pyrenees  appeared  to  me  to  present  the 
nearest  analogy,  but  on  a  much  smaller  scale. 

The  fouiliferout  limeitoiu  (No.  3.)  is  regarded  by  Mr.  King  ad  a 
deep-water  formation,  from  the  numerous  delicate  bryozoa  which  it 
includes.     One  of  these,  Feneitella  retiformis  (fig.  495.),  is  a  very 

Fig.  *M. 


MifDHlu  Umntan,  Hunblxoa  Hill,  hkt  Saiiil«lud.* 

variable  species,  and  has  received  many  different  names.  It  some- 
times attains  a  large  size,  measuring  8  inches  in  width.  The  same 
Eoophyte,  or  rather  mollnsk,  with  several  other  British  species,  is 
also  found  abundantly  in  the  Permian  of  Germany. 

Shells  of  the  genera  Produchu  (fig.  496  )  and  S&ophalotia  (tlie 
latter  of  allied  form  with  teeth  in  the  binge),  which  do  not  occur  in 


t«.  8o>,  Wn.Cnn. 
mmdulau,  KlDfi 
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Strata  newer  than  the  Permian,  are  abundant  in  this  division  of  the 
series  in  the  ordinary  yellow  magnesian  limestone.  They  are  ac- 
companied by  certain  species  of  Spirifer  (fig.  499.),  Ltngttla  Crednerii 
(fig.  497.),  and  other  brachiopoda  of  the  true  primary  or  paleozoic 
type.  Some  of  this  same  tribe  of  shells,  sucb  as  Alhyri*  Boxtn/t, 
allied  to  Tertbratula,  are  specifically  the  same  aa  fossils  of  the  car- 
boniferous rocks.  Avtettla,  Area,  and  Sehixodui  (see  above,  fig. 
493.),  and  other  lamellihranchiate  bivalves,  are  abundant,  but  spiral 
univalves  are  very  rare. 

*  King's  Uonograph,  PI,  S. 
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The  compact  limettone  (No.  4.)  also  coutaiiis  organic  remaine, 
specially  bryozoa,  and  is  intimatelj  connected  with  the  preceding. 
Beneath  it  lies  the  marl-tlaU  (No.  5.),  which  consiste  of  hard,  cal- 
careoas  shale^  mArl-slate,  and  thin-bedded  limeBtonee.  At  East 
ThickJej,  in  Durham,  where  it  is  thirty  feet  thick,  this  slate  has 
yielded  many  fine  specimens  of  fossil  fish  of  the  genera  Paiaoniteut, 
Pggopterug,  Ccelaeantkui,  and  Plalysomut,  genera  which  are  all 
fonnd  in  the  coal-measures  of  the  Carboniferous  epoch,  and  which 
therefore,  says,  Mr.  King,  probably  lived  at  no  great  distance  from 
the  shore.  But  the  Permian  species  are  peculiar,  and,  for  the  most 
part,  identical  with  those  found  in  the  marl-slate  or  copper-slate  of 
Thuringia. 


The  Pakeonucut  above  mentioned  belongs  to  that  division  of 
fishes  which  M,  Agaasiz  has  called  "  Heterocercai,"  which  have  their 
tails  unequally  bilobate,  like  the  recent  shark  and  sturgeon,  and  the 
vertebral  column  running  nlonj;  the  upper  caudal  lobe.  (See  fig. 
500.)      The  "  Homocercal "  fish,  which  comprise  almost  all  the 


9000  species  at  present  known  in  the  living  creation,  have  the  tail- 
fia  either  single  or  equally  divided  ;  and  the  vertebral  column  atopa 
al-ort,  and  is  not  prolonged  into  either  lobe.    (See  fig.  501.) 

Now  it  is  a  singular  fact,  first  pointed  out  by  Agassis,  that  the 
beterocercal  form,  which  is  confined  to  a  small  number  of  genera  in 
the  existing  creation,  is  universal  in  the  mi^nesian  limestone,  and 
sU  the  more  ancient  formations.  It  characterizes  the  earlier  periods 
of  the  earth's  history,  whereas  in  the  secondary  strata,  or  those  newer 
than  the  Permian,  the  homocercal  tail  predominates. 

A  fall  description  has  been  given  by  Sir  Philip  Egerton  of  the 
Bpecies  of  fisli  (diaracteriatic  of  the  marl-slate,  in  Prof.  King's  idono- 
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graph  before  referred  to,  where  figures  of  the  khthyolites,  which  are 
very  entire  and  well  preserved,  will  be  found.  Even  a  single  scale 
is  usually  so  characteristically  marked  as  to  indicate  the  genus,  and 
sometimes  even  the  particular  species.  They  are  often  scattered 
through  the  beds  singly,  and  nuy  be  useful  to  a  geologist  in  de(«r- 
miaiDg  the  age  of  the  rock. 


The  inferior  tandttanea  (No.  6.,  Tab.,  p.  453.),  which  lie  beneath 
the  marl>fiUte,  consist  of  sandstone  and  sand,  separatiug  the  mag- 
neeian  limestone  from  the  coal,  lit  Yorkshire  and  Durham.  In  some 
instances,  red  marl  and  gypsum  have  been  found  associated  with 
these  beds.  They  have  been  classed  with  the  magne$ian  limestone 
by  Professor  Sedgwick,  as  being  nearly  co-eitensive  with  it  in  geo- 
graphical ranges  though  their  relations  are  very  obscure.  In  some 
regions  we  find  it  stated  that  the  embedded  plants  are  all  specifically 
identical  with  those  of  the  carbouiferoue  series;  and,  if  so,  they 
probably  belong  to  that  epoch  ;  for  the  true  Permian  flora  appears, 
from  the  researches  of  MM.  Murchison  and  de  Verueuil  in  Russia, 
»nd  of  MM.  Greinitz  and  von  Gutbier  iu  Saxony,  to  be,  with  few 
exceptions,  distinct  from  that  of  the  coal  (see  p.  461.). 

According  to  Sir  R.  Murchison*  the  Permian  rocks  are  composed, 
in  Russia,  of  white  limestone,  with  gypsum  and  white  salt :  and  of 
red  and  green  grits,  occasionally  with  copper-ore;  also  magnesiaa 
limestones,  marlstones,  and  conglomerates. 

The  country  of  Mansfeld,  in  Tliuringia,  may  be  called  the  classic 

ground  of  the  Lower  Mew  Red,  or  Magnesian  Limestone,  or  Permian 

formation,  on  the  Continent.    It  consists  there  principally  of,  ftrsi, 

■  Buuia  ud  (he  Ural  Maantunt,  1849  )  and  Klaris,  cbap.  xiL,  IBM. 
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the  Zechstein,  correspondiDg  to  the  upper  portion  of  our  English 
series  ;  and,  secondlj,  the  marl-slate,  with  fish  of  species  identical 
with  those  of  the  bed  so  cnlled  in  Durhitm.  This  elnty  marlstone  is 
richly  impregnated  with  copper-pjritea,  for  which  it  b  6x160817617 
worked.  Mogneslan  limestone,  gypsum,  and  rock-salt  occur  among 
the  superior  strata  of  thi.''  group.  At  its  base  lies  the  Sothliegendes, 
supposed  to  correspond  with  the  lufevior  or  Lower  New  Red  Sand- 
stone, which  occupies  a  similar  place  in  England  between  the  marl- 
alate  and  coal.  ]ts  local  name  of  "  Rothliegendes,"  red-Iyer,  or 
"  Roth- tod t-liegendes,"  red-dead-Iyer,  was  given  by  the  workmen  in 
the  German  mines  from  its  red  colour,  and  because  the  copper  has 
died  Ota  when  they  reach  this  rock,  which  ifi  not  metalliferons.  It  is, 
in  fact,  a  great  deposit  of  red  sandstone  and  conglomerate,  with 
associated  porphyry,  basaltic  trap,  and  amygdaloid. 

In  the  "  Kupfers chief er,"  or  marl-slate,  a  highly  ot^anized  rep- 
tile allied  to  the  living  monitor,  was  found  in  1709,  which  has  been 
named  Protorotaurut,  and  it  remained  for  a  century  and  a  quarter 
the  oldest  known  fossil  reptile,  when,  at  length,  in  1844,  the  Arche- 
gotaurut  was  discovered  in  the  coal  of  Saarbmch,  near  Treves. 

Permian  Flora. — We  learn  from  the  investigations  of  Colonel  Von 
Gutbier,  that  in  the  Permian  rocks  of  Saxony  no  less  than  60  species 
of  fossil  plants  have  been  met  with,  40  of  which  have  not  yet  beeu 

FI(.Ht. 
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found  elsewhere.     Two  or  three  of  these,  as  Calamilet  gigat,  Spke- 
nopleris  erosa,  and  S.  lohata,  are  also  met  with  in  the  government  of 
Perm  in  Russia.     Seven  others,  and  among  them  Nev- 
TOpterit  Lonkii,  PecopterU  arboreteeni,  and  P.  nmUit,       F'<>t*- 
with  several  species  of  Wahhia  (see  fig,  508.),  a  genns 
of  Conifers,  called  Lyeopodites  by  some  authors,  are 
common  to  the  coal -measures. 

Among   the    genera    also    enumerated    by   Colonel 
Gutbier   are   the   fruit  called   Cardiocarpon  (see   fig.  card/oarfam  oi. 
209.),  AtteropkytiiUs,  and  Annvlaria,  so  characteristic  p^'.n^suoar. 
of  the  Carboniferous  period ;  also  Lepidodendron,  which        '  *"""' 

I   the   Permian   of  Saxony,  Thuringia,  and  Russia, 
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although  not  Abundant.     Noeggtrathia  (eee  &%.  510.),  fiupposed  bj 
A.  Brongniart  to  be  allied  to  Cycat,  is  another  HdIc  between  the 
Permian  and  Carbon iferoas  vegetation.    Coni- 
Ftf.  eio.  fgj^^  (,f  jjjQ  Araucarian  division,  also  occur  : 

but  these  are  likewise  met  with  both  in  older 
and  newer  rocks.  The  plants  called  SigiUaria 
and  SHgrnaria,  so  marked  a  feature  in  the  Car- 
boniferous period,  are  as  yet  wanting. 

Among  the  remarkable  fossils  of  the  roth- 
liegendes,  or  lowest  part  of  the  Permian  in 
Saxony  and  Bohemia,  are  the  ailicified  trunks  of 
tree>ferns  called  generically  Psaronitu,  Their 
bark  was  surrounded  by  a  dense  mass  of  air- 
roots,  which  often  constituted  a  great  addition 
to  the  original  stem,  so  as  to  double  or  quadruple 
its  diameter.  The  same  remark  holds  good  in 
regard  to  certain  living  extra- tropica!  arbores- 
cent ferns,  particularly  those  of  New  Zealand. 

Psaronitos  are  also  found  in  the  uppermost 
coal  of  AutuQ  in  France,  and  in  the  upper  coal- 
measures  of  the  State  of  Ohio  in  the  United 
States,  but  specifically  different  from  those  of 
""jS.'BiongX""^'""    the  rothliegendes.     They  serve  to  connect  the 
Permian  flora  with  the  more  modern  portion  of 
the  preceding  or  carboniferous  group.  Upon  the  whole,  it  is  evident 
that  the  Permian  plants  approach  much  nearer  to  the  carboniferous 
flora  than  to  the  triassic  ;  and  the  same  may  be  said  of  the  Permian 

•  Murcbison's  Bnssia,  rnl.  JL  Fl.  A.  fig  3. 
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CHAPTER  XXIV. 

THE  COAL,   OR  CABBOITIFEROUS  GROUP. 

Carbon i feron*  rtmta  in  the  Mnth-we«t  of  England — Soperpoiition  of  Conl-m 

to  Mountain  Limeatone — DBpartnrs  from  iblj  tjpe  in  Nonh  of  England  and 
'  Scotland — Carbonirerotii  mHm  in  Iralaod — Section  in  Sonth  Walei — Under- 
rlaji  vith  Sligmaria — Carboniferoni  Flora — Fem^  Lepidodendra,  Equiaelaoca, 
Calamites.  AaEerophyllitea,  SigillariB,  StigDiariB  —  ConiferK  —  Sternbergia  — 
Trigonocarpon — Grade  of  Conifene  in  the  Vegetable  Kingdom — Abience  uf 
AnKioipenni  —  Coal,  how  formed — Erect  foiail  treei  —  Fartfleld  Collierj — 
St.  Eiienne  Coal-Beld — Oblique  treo  or  mags — FoMil  foreita  in  No»»  Scotia — 
Bain-print» — Pnritj  of  tbe  Coal  explained — Time  required  for  the  accnniu> 
lation  of  the  Coal-meainrei — Brackish- water  and  marine  nrata — Crnuaceani 
of  tbe  Coal — Origin  of  Clay-iron-uane- 

The  next  group  which  we  meet  with  in  the  descending  order  is  the 
Carboniferous,  commonly  called  "  The  Coa!  j "  because  it  contains 
many  beds  of  that  mineral,  in  a  more  or  leas  pure  state,  ioterstrati- 
tied  with  gandatones,  shales,  and  limestones.  The  coal  itself,  even 
in  Great  Britain  and  Belgium,  where  it  is  most  abundant,  consti- 
tutes but  BU  insignificant  portion  of  the  whole  mass.  In  the  north 
of  England,  for  example,  the  thickness  of  the  cosl-bearing  strata 
has  been  estimated  by  Prof.  Phillips  at  3000  feet,  while  the  various 
coal-seams,  20  or  30  in  number,  do  not  in  the  aggregate  exceed  60 
feet. 

The  carboniferous  formation  assumes  various  characters  in  dif- 
ferent parts  even  of  the  British  Islands.  It  usually  comprises  two 
very  distinct  members  :  1st,  that  usually  called  the  Coal-measures,  of 
mixed  freshwater,  terrestrial,  and  marine  origin,  often  including 
seams  of  coal ;  2ndly,  that  named  in  England  the  Mountain  or  Car- 
boniferone  Limestone,  of  purely  marine  origin,  and  containing  corals, 
shells,  and  encrinites. 

In  the  south-western  part  of  our  island,  in  Somersetshire  and 
Ronth  Wales,  the  three  divisions  usually  spoken  of  by  English  geo- 
logists are : — 

-    ,  _      f  Strata  ofihale,  landtione,  tuid  grit,  with  occaiional  Kama 

1.  Coal-meainrM    |      ^^^  ,^|  f^^  ^^  ^^  ,j^,^  ^,  j^j^^ 

rA  ciane  qusrtioae  sanduone  paining  into  a  conglomemte, 
3.  Hillttone-grit     i      eomeiimeinKd  for  milleionei,  with  bediorihaleiniuall; 

\_     devoid  of  coal  i  occarionallT  abore  600  feet  thick. 
S.  Honntain    or     "I  . 
Carboniferous   I 
Umestooe.       J 

The  mi  lis  tone -grit  may  be  considered  as  one  of  the  coal- sandstones 
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of  coarser  texture  than  nsaftl,  with  gome  accompanyinf  shales,  in 
which  coal-plants  are  occasionaltj  found.  In  the  north  of  England 
some  bands  of  limestone  with  pectens,  oysters,  Mid  other  marine 
sbells,occuriu  thisgrit,  justasin  the  regular  coal-measures,  and  even 
a  few  seams  of  coal.  I  shall  treat,  therefore,  of  the  whole  group  as 
consisting  of  two  divisions  only,  the  Coal-measures  and  the  Moun- 
tain Limestone.  The  latter  is  found  in  the  southern  British  coal- 
fieldi,  at  the  base  of  the  system,  or  immediately  in  contact  with  the 
subjacent  Old  Ked  Sandstone;  bat  as  we  proceed  northwards  to 
Yorkshire  and  Northumberland  it  begins  to  alternate  with  true  coal- 
measures,  the  two  deposits  forming  together  a  series  of  strata  about 
1000  feet  in  thickness.  To  (his  mixed  formation  succeeds  the  great 
mass  of  genuine  mountain  limestone.*  Farther  north,  in  the  Fife- 
shire  coal-field  in  Scotland,  we  obserre  a  still  wider  departure  from 
the  type  of  the  south  of  England,  or  a  more  complete  intercalation  of 
dense  masses  of  marine  limestones  with  sandstones  and  shales  con- 
taining  coal. 

In  Ireland  a  series  of  shales  and  slates,  constituting  the  base  of  the 
Mountain  Limestone,  attain  so  great  a  thickness,  often  upwards  of 
1000  feet,  as  to  be  classed  as  a  separste  division.  Under  these  slates 
is  a  Tellow  Sandetone,  also  considered  as  carboniferous  from  its 
marine  fossils,  although  passing  into  the  underlying  Devonian.  A 
similar  sandstone  of  much  less  thickness  occurs  in  the  same  position 
in  Gloucestershire  and  South  Wales. 

The  following  are  the  subdivisions  adopted  in  the  geological  map 
of  Ireland,  constructed  by  Sir  Richard  Griffiths  : — 

1.  Owl-messarei,  Upper  mai  Lower    •        -        -        .     looo  to  !300 

2.  Millstone- OT  it 350  to  1800 

3.  MoDntain  limettone,  Tapper,  Middli  (or  Clip),  snd 

Lower ISOO  to  6400 

4.  Carboniferoui  aisle         ......      700  to  IKKI 

G.  Xello"  MniUlona  (of  Usjo,   tec)  with  ibalei  sod 

limeitone  --..-.--      400  to  iOOO 

COAL-HEASCRES. 

In  South  Wales  the  coal-measures  have  been  ascertained  by  actual 
measurement  to  attain  the  extraordinsry  thickness  of  12,000  feet;  the 
beds  throughout,  with  the  exception  of  the  coal  itself,  appearing  to 
have  been  formed  in  water  of  moderate  depth,  during  a  slow,  hut  per- 
haps intermittent,  depression  of  the  ground,  in  a  region  to  which 
rivers  were  bringing  a  never-failing  snpply  of  muddy  sediment  and 
sand.  The  same  area  was  sometimes  covered  with  vast  forests,  such 
as  we  eee  in  the  deltas  of  great  rivers  in  warm  climates,  which  are 
liahle  to  be  aubmei^ed  beneath  fresh  or  salt  water  should  the  ground 
sink  verticftlly  a  few  feet. 

In  one  section  near  Swansea,  in  South  Wales,  where  the  total 
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thickness  of  strata  is  8246  feef,  we  learn  from  Sir  H.  De  la  Beche 
that  there  are  ten  principal  masses  of  Bandetone.  One  of  these  is 
500  feet  thick,  and  the  whole  of  them  make  together  a  thickness  of 
2125  feet.  They  are  separated  by  mssses  of  shale,  varying  in  thick- 
ness from  10  to  50  feet  The  intercalated  coal-beds,  sixteen  in 
number,  are  generally  from  I  to  5  feet  thick,  one  of  them,  which  has 
two  or  three  layers  of  clay  interposecl,  attaining  9  feel.*  At  other 
points  in  the  same  coal-field  the  shales  predoiniiiate  over  the  sand- 
stones. The  horizontal  extent  of  some  seams  of  coal  )■  much  greater 
than  that  of  others,  but  tbey  all  present  one  characterietic  feature, 
in  having,  each  of  them,  what  is  called  its  undtrclaj/.  Those  nnder- 
clays,  co-eztensive  with  every  layer  of  coal,  conaiBt  of  arenaceous 
ehale,  sometimes  called  fire-stone,  because  it  can  be  made  into  bricks 
which  stand  the  fire  of  a  fnmace.  They  vary  in  thickness  from  6 
inches  to  more  than  10  feet  i  and  Sir  William  Logan  first  announced 
to  the  ecientiSc  world  in  1841  that  they  were  regarded  by  the  coUien 
in  South  Wales  as  an  essential  accompaniment  of  each  of  the  one 
hundred  seams  of  coal  met  with  in  their  coal-field.  They  are  said 
to  form  the  Jtoor  on  which  the  coal  rests  ;  and  some  of  them  hare 
A  slight  admixture  of  carbonaceous  matter,  while  others  are  quite 
blackened  by  it. 

All  of  them,  as  Sir  William  Logan  pointed  out,  are  characterized 
by  enclosing  a  peculiar  species  of  fossil  vegetable  called  Stigmaria, 
to  the  exclusion  of  other  plants.  It  was  also  observed  that,  while 
in  the  overlying  shales  or  "roof"  of  the  coal,  ferns  and  trunks  of 
trees  abound  without  any  Stigmaria,  and  are  flattened  and  com- 
pressed, those  singular  plants  of  the  underclay  very  of^on  retain  their 
natural  forms,  branching  freely,  and  sending  out  their  slender  leaf- 
like rootlets,  formerly  thought  to  be  leaves,  through  the  mud  in  all 
directions.  Several  species  of  Stigmaria  had  long  been  known  to 
botanists,  and  described  by  them,  before  their  position  under  each 
scam  of  coal  was  pointed  out,  and  before  their  true  nature  as  the 
roots  of  trees  was  recognized.  It  wos  conjectured  that  they  might 
be  aquatic,  perhaps  floating  plants,  which  sometimes  extended  their 
branches  and  leaves  freely  in  fluid  mud,  and  which  were  finally  en- 
veloped in  the  same  mud. 

CARBOMIPBROCB  FLOSA. 

These  statements  will  suffice  to  convince  the  reader  that  we  can- 
not arrive  at  a  satisfactory  theory  of  the  origin  of  coal  until  we 
understand  the  true  nature  of  Sligniariai  and  in  order  to  explain 
what  is  now  known  of  this  plant,  ond  of  others  which  have  contri- 
buted by  their  decay  to  produce  con!,  it  will  be  necessary  to  offer  a 
brief  preliminary  sketch  of  the  whole  carboniferous  flora — an  assem- 
blage of  fossil  plants  with  which  we  are  better  acquainted  than  with 
any  other  which  flourished  antecedently  to  the  Tertiary  epoch.  It 
should  also  be  marked  that  Goppert  has  ascertained  that  the  remains 
■  Uemoin  of  Qeol.  Sarref,  tdL  L  p.  1S9. 
HB 
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of  every  funllj  of  pUnta  scattered  throagh  the  eotl-meunres  are 
Mmetimes  met  with  in  the  pare  coal  ibielf — a  fact  which  adds  greatl; 
to  the  geolt^cal  interest  attached  to  this  flora. 

Fenu. — The  Domber  of  speciee  of  carboitiferoDs  plants  hitherto 
dwcribed  amooitts,  according  to  H.  Ad.  BroDgniart,  to  about  500. 
These  may  perhaps  be  a  fragment  only  of  the  entire  flora,  bnt  they 
are  enough  to  show  that  the  state  of  the  vegetable  world  was  then 
extremely  difierent  from  that  now  prevailing.  We  are  struck  at 
the  first  glance  with  the  similarity  of  nuuy  of  the  ferns  to  those  now 
living,  and  the  dissimilarity  of  almost  all  tiie  other  fossils  except  the 

Fic.  m.  n*.  lu 


(niu.110.,  iti.) 


(Fob.  Flo.,  igi.) 

Conifene.  Among  the  ferns,  aa  in  the 
ctaeofPeeopteru  for  example  (fig.  511.), 
it  is  not  always  easy  to  decide  whether 
they  should  be  referred  to  different 
genera  from  those  established  for  the 
classification  of  living  species;  whereas, 
in  regard  to  most  of  the  other  contem- 
porary tribes,  with  the  exception  of  the 
fir  tribe,  it  is  often  difficult  to  guess  the 
family,  or  even  the  class,  to  which  they 
belong.  The  ferns  of  the  Carboniferous 
period  are  generally  without  organs  of 
fructification,  but  in  some  specimens 
tiiese  are  well  preserved.  la  the  general 
absence  of  snch  characters,  they  have 
been  divided  into  genera  distinguished 
chiefly  by  the  branching  of  the  fronds, 

i.,|.,  II,  L.OO^IC 


Ca.  XXI7.]      FBBNS  OF   CASBONIFBBOUS  FEBIOD.  467 

and  the  waj  in  whicli  the  veina  of  the  leaves  are  disposed.  The 
lai^er  portion  are  supposed  to  hare  been  of  the  size  of  ordinary 
European  feme,  but  some  were  decidedly  arborescent,  especially  the 
group  called  Cauloplerit  by  Lindley,  and  the  J^aronuu  of  the  upper 
or  newest  coal-measnres,  before  alladed  to  (p.  462>). 

AU  the  recent  tree-ferns  belong  to  one  tribe  {Palj/podiacea),  and 
to  a  small  numb«r  only  of  genera  in  that  tribe,  in  which  tlie  surface 
of  the  trunk  is  marked  with  scars,  or  cicatrices,  left  after  the  fall  of 
the  fronds.  These  scara  resemble  those  of  Caulopterw  (see  fig.  513.). 
No  tees  than  250  ferns  have  already  been  obtuned  from  the  coal- 
strata  ;  and  eren  if  we  make  some  reduction  on  the  ground  of 
▼arietiea  which  hare  been  mistaken,  in  the  absence  of  their  fructi- 
fication, for  species,  still  the  result  is  eingntar,  because  the  whole  of 
Europe  affords  at  present  no  more  than  sixty  indigenous  species. 


Fig.  tl4.  Tr»-f«„  from  Ilk  of  Be 
Fl(.»l«.  ar«*»(I»«.  Hiarltliii 
FIj.Bie.  TiebTarn  bam  BruU. 


Z.€pidodaulron. — About  40  species  of  fossil  plants  of  the  Coal 
have  been  referred  to  this  genus.  They  cousist  of  cylindrical  stems 
or  tronka,  covered  with  leaf-scars.  In  their  mode  of  branching,  they 
are  always  dichotomons  (see  fig.  618.).  They  are  considered  by 
Broneniart  and  Hooker  to  belong  to  the  Lyeopodiaeea,  plants  of 
thia  family  bearing  cones,  with  similar  sporangia  and  spores 
(flg.  52\.).  Most  of  them  grew  to  the  size  of  large  trees.  The 
flg«.  517 — 519,  represent  a  fossil  Lepidodendron,  49  feet  long,  found 
in  Jritow  Colliery,  near  Newcastle,  lying  in  shale  parallel  to  the 
planes  of  stratification.  Fragments  of  others,  found  in  the  same 
sbkle.  indicate,  by  the  size  of  the  rhomboidal  scars  which  cover 
them.  »  stm  greater  magnitude.  The  living  club-mosses,  of  which 
there  we  about  200  spedea,  are  most  abundant  in  tropical  climates. 
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They  asually  creep  on  the  ground,  but  some  stand  erect,  as  the 
Lyeopodium  denmm  from  New  Zeftland  (fig.  520.),  which  attains  a 
height  of  3  feet. 


Fill  819.' Porlloo  of 


In  the  carboniferous  .tr««  of  Co.lbrook  D»le,  »nd  m  m.ny  other 
co«l-liold.,  elongnled  cjlindrioal  bodieii,  oiled  fosnl  eenes,  n.med 
IjipidMnbm  bj  M.  Adolphe  Broogniurt,  nr.  met  with.  (See  Bg. 
521.>.    They  often  form  the  nucleus  of  concretionorj  balls  of  clay- 


jronstone.  and  are  well  preaervei  eihibiting  a  conical  axis,  around 
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"wbicfi  a  great  quantity  of  scales  were  compactlf  imbricated,  Tlie 
opinion  of  M.  Brongniart  is  now  generall}'  adopted,  that  the  Lepi- 
dottrolmt  is  the  fruit  of  Lepidodendron  ;  indeed,  it  is  not  uncommoD 
in  Coalbrook  Dale  and  elsewhere  to  find  these  ttrobili  or  fruits  termi- 
nating the  tip  of  a  branch  of  a  well-characterised  Lepidodtndron. 

Equitetaeea. — To  this  family  belong  two  fossil  species  of  the 
Coal,  one  called  Eqvitetum  infuttdibtiliforme  by  Brongniart,  and 
found  also  in  Nova  Scotia,  which  has  sheaths,  regularly  toothed, 
ribbed,  and  overlapping  like  those  on  the  young  fertile  stems  of 
Eqwi»ttum  Jbtviatile.  It  was  much  lai^er  than  any  living  **  Horse- 
tail." The  Eguitetum  gigtmteum,  discovered  by  Humboldt  and  Bon- 
pland  in  South  America,  attained  a  height  of  about  5  feet,  the  stem 
being  an  inch  in  diameter  ;  but  more  recently  Gardner  has  met  with 
one  in  Brazil  IS  feet  high,  and  Meyen  gives  the  height  of  E.  Bogo- 
tenM«  in  Chili  as  15  to  20  feet. 

Calamiltt. — The  fossil  plants  so  called  were  originally  classed  by 
most  botanists  as  cryptogamous,  being  regarded  as  gigantic  Eguiteta ; 


for,  like  the  common  "  horsetail,"  they  usually  tx- 

liibit  little  more  than  hollowjointedstems,furrowed  rif.tM. 

externally.    (See  figs.  522,  523,  524.)  _ 

Mr.  Salter  stated  to  me  many  years  a%o  his  con- 
viction that  the  calamite  as  frequently  represented  I 
bj  paleontologists  was  in  an  inverted  position,  and  I 
that  the  conical  part  given  as  the  top  of  the  stem 
wns  in  truth  the  root.     This  point  Dr.  Dawson  and 
I  bad  opportunities  of  testing  in  Nova  Scotia,  in 
18d3,  where  we  saw  many  erect  calamiles,  having 
their  radical  termination  as  in  the  annexed  figure 
(fig.  524.).  Thescarsjfrom  which  whorls  of  veasela 
have  proceeded,  are  observed  at  the  upper,  not  tlie 
lower,  end  of  each  joint  or  internode."    The  speci- 
meii  Cfig-  522.),  therefore,  is  no  doubt  the  lower  end  ludicrn  icmxnuian  of 
of  the  plant,  and  I  have  therefore  reversed  its  posi-    scoul''""*'     ""* 
tion  ae given  in  the  work  of  Lindley  and  Hutton. 

*  Sw  Diwmh,  OeoL  Qmr.  Joonal,  IS54,  vol   x.  p.  3.5. 
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H.  Adolphe  Broagniart,  following  ap  the  discoveriee  of  Germw 
and  Corda,  has  Bhowii  in  his  "  Genres  de  V^^taax  Fossilee."  1849, 
that  many  Calamites  cannot  belong  to  the  Equistta,  nor  probably  to 
any  tribe  of  flowerless  plants.  He  concsiveB  that  they  are  more 
nearly  allied  to  the  Gymnospennoas  Dicotyledons.  They  possessed 
a  central  pith,  surrounded  by  aligneoas  cylinder,  which  was  divided 
by  regular  medullary  rays.  This  cylinder  was  surrounded  in  torn 
by  a  thick  bark.  Of  fossil  stems  having  this  structure  Brongniart 
formed  his  genus  Calamodendron,  which  includee  many  species 
referred  by  Gotta,  Fetsholdt,  and  Unger  to  the  genus  CaloMMteo. 
The  Calamodendron  is  described  as  smooth  externally,  its  pith  being 
articulated  and  marked  with  deep  external  vertical  stria,  agreeing 
in  short  with  what  geologuts  commonly  call  a  Calamite.  Since  the 
appearance  of  Brongniarf  s  essay,  Ur.  £.  W.  Binney  has  made  many 
important  discoveries  on  the  same  subject ;  and  Mr.  J.  S>  Dawes  hss 
published  a  more  complete  account  of  this  singular  Fossil.'  Their 
views  have  been  confirmed  by 
"•■  *^  Professor  Williamson  of  Man- 

chester, who  has  communicated 
to  me  a  specimen  figured  in  the 
annexed  cat  (flg.  525.),  in  which 
we  see  an  internal  pith  answer- 
ing in  character  to  the  Calamo- 
dendron, and  yet  having  outside 
of  it  another  jointed  cylinder 
vertically  grooved  on  its  outer 
sur&ce,  so  that  in  the  same 
stem  we  have  one  calamite  en- 
veloping another.  Yet  tfaat 
they  both  formed  part  of  the 
same  plant  is  proved  by  the 
following  circumstances  ;.— 1st. 
Near  each  articulation  of  the 
pith  radiating  spokes  are  seen 

Fnnlon  or>  Cit»ifU,Duit)ialHus,il»w)n|Ui*    '  i         i  ._..!_ 

HMmdcTiiHier,  connected  by  nuHnUDgioMti  to  prococd  and  penetrate  the 
"coBBiSil'iiijJ^i^f.w.c.  wuiimnon.  ligDCOUB  Bone.  One  complete 
whorl  or  circle  of  these  radii  is 
visible  in  the  annexed  figure  near  the  bottom  of  the  hollow  cavity, 
whilst  another  and  superior  whorl  is  incomplete  i  several  radii, 
corresponding  to  the  first,  remaining,  white  the  rest  have  been 
broken  away,  their  place  being  shown  by  scars  which  they  ha^e 
left.  2dly.  In  addition  to  these  whorls,  called  medullary  by  Pro- 
fessor Williamson,  there  are  seen  in  other  specimens  a  set  of  tme  OT 
ordinary  medullary  rays.  3dly.  The  woody  aone,  penetrated  both 
by  the  spoke-like  vessels  before  mentioned  and  by  the  medallarT 
rays,  is  usually  reduced  to  brown  carbonaceous  matter,  preserving 
merely  a  tendency  to  break  in  longitudinal  slips,  but  in  some  speci- 
mens its  fibrous  tissue  is  retained,  and  resembles  that  ot  OadoacytoiL. 
•  (Jiwrt.  Janrn.  Geo).  Soc  Lond,  1861,  vol.  lil  p.  IM. 
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4thl7.  Outside  of  this  Eone  again  ii  another  cjrlinder.inppoBed  to  have 
been  originallj  a  thick  cellular  bark,  neartj  eqaal  to  one-third  of  the 
whole  stem  in  diameter,  grooved  and  jointed  extemallf  like  the  pith. 

In  Gondusion,  I  majr  remark  that  these  diacOTeries  make  it  more 
and  more  doubtful  to  what  family  the  greater  number  of  Calamitea 
ahonld  be  referred.  Their  internal  organization,  says  Fnrf'eBsor 
Williamaon,  was  veiy  peculiar  ;  for  while  the^  exhibit  remarkable 
affinitiea  with  gymnospermouB  dicotyledone>  the  arrangement  of 
their  tissues  differs  widelj  Irom  that  of  sU  known  forms  of  g;mno- 
sperma. 

AtterophyllHei.-~-Tbe  graoefiil  plant  represented  in  the  annexed 
figure  is  supposed  by  H.  Brongniart  to  be  a  branch  of  the  Calamo- 
detidroH,  and  he  infers  from  its  pith  and  medullary  rajs  that  it  was 
dico^ledonous.     It  appears  to  have  been  allied,  bj  the  natore  of  its 


tissue,  to  the  gTmnogens,  and  to  SiffiOaria.  But  under  the  head  of 
AtterophyUitet  manj  vegetable  fragments  have  been  gronped  which 
probably  belong  to  different  genera.  They  have,  in  short,  no  cba- 
rmcter  in  common,  except  that  of  possesnng  narrow,  verticillate, 
one-ribbed  leaves.  Dr.  Newberry,  of  Ohio,  hag  discovered  in  the 
coal  of  that  country  fossil  stems  which  in  their  upper  part  bear 
vredge-shaped  leaves,  corresponding  to  SpkenophyllutM,  while  below 
the  leaves  are  stalk-like  and  capillary,  and  would  have  been  called 
AxterophylUiet  if  found  detached.  From  this  he  infers  that  SphenO' 
pJkyllum  was  an  aqnatic  plant,  the  superior  and  floating  leaves  of 
wMoh  were  broad,  and  possessed  a  componnd  nervation,  while  the  in* 
ferior  or  submersed  leaves  were  linear  and  one-ribbed.  "  This  sup- 
position," he  adds,  "is  further  strengthened  by  the  extreme  length 
uid  tenuity  of  the  branches  of  this  apparently  herbaceous  plant, 
which  would  seem  to  have  required  the  support  of  a  denser  medium 
tfamn  air.'*^ 

SigiSaria. — A  large  portion  of  the  trees  of  &e  Carbonifferous 
period  belonged  to  this  genus,  of  which  about  thir^-five  speclee  are 

*  Annslt  of  SeieoM,  Oerdud,  Ohk^  lUS,  p.  VI. 
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known.  The  structure,  both  internal  add  extenutl,  was  very  pecD- 
liar,  and,  with  reference  to  ezieting  types,  very  anomalous.  They 
were  formerly  referred,  by  M.  Ad.  Brongniart,  to  ferns,  which  they 
resemble  in  the  scalariform  texture  of  their  reaseU,  and  in  some 
degree,  in  the  form  of  the  cicatricoa  left  by  the  base  of  the  leaf- 
stalks which  have  fallen  off  (see  fig.  527.).  But  with  these  points  of 
analogy  to  cryptogamia,  they  combine  an  internal  organization  much 
P^  j„  resembling  that  of  cycads,  and  some  of 

them  are  ascertained  to  have  had  long 
linear  leaves,  quite  unlike  those  of  ferns. 
They  grew  to  a  great  height,  from  30  to 
60,  or  even  70  feet,  with  regular  cylin- 
drical stems,  and  without  branches,  al- 
though some  species  were  dichotomous 
towards  the  top.  Their  fluted  trunks, 
I  from  1  to  5  feet  in  diameter,  appear  to 

'  have  decayed  more  rapidly  in  the  interior 

than    externally,    so   that    they  became 
I  hollow  when  standing ;  and  when  thrown 

prostrate  on  the  mud,  they  were  squeezed 
down  and  flattened.     Hence,  we  find  the 
bark  of  the  two  opposite  sides  (now  con* 
s^«ia  !«««>.  b™»         ■'^'■^^  i"*"  '>"8^'  shining  coal)  to  consti- 
tute two  horizontal  layers,  one  upon  the 
other,  half  an  Inch,  or  an  inch,  in  thickness.     These  same  trunks, 
when  they  are  placed  obliquely  or  vertically  to  the  planes  of  strati- 
fication, retain  their  original  rounded  form,  and  are  uncompressed, 
the  cylinder  of  bark  having  been  filled  with  sand,  which  now  affords 
a  cast  of  the  interior. 

Dr.  Hooker  still  inclines  to  the  belief  that  the  Sigiilaria  may 
bave  been  cryptogamons,  though  more  highly  developed  than  any 
flowerleaa  plants  now  living.  The  scalariform  structure  of  their 
vesselB  agrees  precisely  with  that  of  ferns. 

Stigmaria. — This  fossil,  the  importance  of  which  has  already  been 
pointed  out,  was  formerly  conjectured  to  be  an  aquatic  plant.  It  is 
now  ascertained  to  be  the  root  of  SiffUlaria,  The  connection  of  the 
roots  with  the  stem,  previously  suspected,  on  botanical  grounds,  by 
Brongniart,  was  first  proved,  by  actual  contact,  in  the  Lancashire 
coal-field,  by  Mr.  Binney.  The  fact  has  lately  been  shown,  even 
more  distinctly,  by  Mr.  Richard  Brown,  in  his  description  of  the 
Stigmaria  occurring  in  the  underclays  of  the  coal-seams  of  the 
Island  of  Cape  Breton,  in  Nova  Scotia. 

In  a  specimen  of  one  of  these,  represented  in  the  annexed  figure 
(fig.  528.),  the  spread  of  the  roots  was  sixteen  feet,  and  some  of 
them  sent  oat  rootlets,  in  all  directions,  into  the  surronnding  day. 

In  the  sea-clifb  of  the  South  Joggina  in  Nova  Scotia  I  examined 
several  erect  SigiUaria,  in  company  with  Dr.  Dawson,  and  we  found 
that  &om  the  lower  extremities  of  the  trunk  they  sent  out  Stig- 
maria as  roots.    All  the  stools  of  the  fossil  trees  dng  oat  by  as 
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divided  into  four  parts,  aad  these  again  bifurcated,  forming  eight 
roots,  which  were  al^o  dichotomous  when  traceable  far  enough. 

The  cylindrical  i-ootleta  formerly  regarded  as  leaves  are  now 
shown  by  more  perfect  specimens  to  have  been  originally  attached 
to  the  root  by  fitting  into  deep  cylindrical  pits.  In  the  fossil  there 
is  rarely  any  trace  of  the  form  of  these  cavities,  in  consequence  of 
the  shrinkage  of  the  surronndiog  tiiisuea.  Where  the  rootlets  are 
removed  nothing  remains  on  the  surface  of  the  Stigmaria  but  rows 
of  mammillated  tubercles  (see  figs.  529,  530.),  which  have  formed 


SlitMKiriaJbBUa.iioat.    laat-ilia.  (Fau.Flo.,31.)  , 

the  base  of  each  rootlet.  These  protuberances  may  possibly  indi- 
cate the  place  of  a  joint  at  the  lower  extremity  of  the  rootlet.  Bows 
of  these  tubercles  are  arranged  spirally  round  each  root,  which 
hsvfl  always  a  medullary  axis  and  woody  system  much  resembling 
that  of  Sigitlaria,  the  structure  of  the  vessds  being,  like  it,  scalari- 
fortn. 

Coniferee. — The  coniferous  trees  of  this  period  are  referred  to  five 
genera ;  the  woody  structure  of  some  of  them  showing  that  they  were 
allied  to  the  Araucarian  division  of  pines,  more  than  to  any  of  onr 
common  European  firs.  Some  of  their  trunks  exceeded  44  feet  in 
height.  Many,  if  not  all  of  them,  seem  to  have  difiered  from  living 
Coni/erte  in  having  large  piths  ;  for  Professor  Williamson  has  de- 

*   Tba  tmnk  in  thii  case  ii  rererred    markingi  assamed  bj  Sigillaria  D«ar 
br  Ur.  Brown  to  X^uinbiMfraa,  bat  bis    baw. 
iUiuCration*  M«m  to  ihov  the  tuoal 
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monatrated  the  fossil  of  the  coal-meaanres  called  SUntbergia  to  be 
the  pith  of  these  trees,  or  rather  the  cast  of  cavities  formed  by  the 
ebrinking  or  partial  absorption  of  the  original  medullary  axis  (see 
figs.  531.  and  532.}.  This  peculiar  type  of  pith  is  observed  in  living 
plants  of  very  different  families,  such  as  the  common  Walnut  and 


KTUllkh«r.  ruriiind  loDtllDdlullr : 
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the  White  Jasmine,  in  which  the  pith  becomes  so  reduced  as  simply 
to  form  a  thin  lining  of  the  medullary  cavity,  across  which  trans- 
verse plates  of  pith  extend  horizontally,  so  as  to  divide  the  cylin- 
drical hollow  into  discoid  interspaces.  When  these  interspaces  have 
been  filled  up  with  inorganic  matter,  they  constitute  an  axis  to 
which,  before  their  true  nature  was  known,  the  provisional  name  of 
Stemhergia  (d,  d,  fig.  531.)  was  given. 

In  the  above  specimen  the  stnictare  of  the  wood  (b,  figs.  S31.  and 
532.)  is  coniferous,  and  the  foosil  is  referable  to  Endlicher's  fossil 
genus  Dadoxt/lon. 

The  fossil  named  Trigonoearpon  (figs.  533.  and  584.),  formerly 
supposed  to  be  the  (hiit  of  a  palm,  may  now,  according  to  Dr.  ' 
Hooker,  be  referred,  like  the  SUmbergia,  to  the  Coniferx.  Its  geo- 
logical importance  ia  great,  for  so  abundant  is  it  in  the  Co^-Me»- 
sures,  that  in  certain  localities  the  fruit  of  some  species  may  be 
procured  by  the  bushel ;  nor  is  there  uiy  part  of  the  formation  whwe 
they  do  not  occur,  except  the  underclays  and  limestone.     The  sand- 

Fhiloa.  Mem.,  vol.  ix.  I85I. 
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Stone,  ironstone,  ohalea,  and  cosl  itself  all  contain  them.  Mr.Biuney 
has  at  length  foand  in  the  clay-ironstone  of  Lancashire  sereral 
epecimene  displaying  structure,  and  from  these,  says  Dr.  Hooker,  ire 
learn  that  the  Trigonoearpan  belonged  to  that  large  section  of  exist- 
ing coniferous  plants  which  bear  fleshy  solitary  fruits,  and  not  cones. 
It  resembled  very  closely  the  fruit  of  the  Chinese  genus  Saluburia, 
one  of  the  Tew  tribe,  or  Taxoid  conifers.  In  five  of  the  ibssil 
specimens  there  is  evidence  of  four  distinct  integuments,  and  of  a 
lai^e  internal  cavity  filled  with  carbonate  of  lime  and  magnesia,  and 
probably  once  occupied  by  the  albumen  and  embryo  of  the  seed.  The 
general  form  of  the  fossil  when  perfect  is  an  elongated  ovoid,  rather 
lai^er  than  a  hazel-nut.  The  exterior  integument  is  very  thick  and 
cellular,  and  was  no  doubt  once  fleshy  (see  fig.  S34.).  It  atone  is 
produced  beyond  the  seed,  and  forms  ihe  beak.  The  second  coat  was 
thinner,  but  hard,  and  marked  by  three  ridges.  This  coat,  being 
all  that  commonly  remains  in  a  fossil  state,  has  suggested  the  name 
of  Trigonocarpon.  Within  this  were  the  third  and  fourth  coats, 
both  of  which  are  very  delicate  membranes,  and  may  possibly  have, 
been  two  plates  belonging  to  one  membrane. 

Grade  of  the  Carboniferout  Flora. — On  the  whole,  these  fruits, 
says  Dr.  Hooker,  are  referable  to  "a  highly  developed  type,  ex- 
hibiting extensive  modiScations  of  elementary  organs  for  the  pur- 
pose of  their  adaptation  to  special  fiinctione,  and  these  modifications 
are  as  great,  and  the  adaptation  as  special,  as  any  to  be  found  amongst 
analogous  fruits  in  the  existing  vegetable  world."*  Professor 
Williamson,  in  his  paper  on  Slernbergia,  has  likewise  remarked  that 
its  structure  was  complex,  and  that  "  at  a  period  so  early  aa  the  car- 
boniferow  all  the  now-existing  forms  of  vegetable  tissue  appear  to 
have  been  created."  These  observations  deserve  notice,  because  a 
question  has  arisen,  whether  the  Coit^erm  hold  a  high  or  a  low 
position  among  dowering  plants — a  point  bearing  directly  on  the 
theory  of  progressive  development.  By  some  botanists  all  the  Gym- 
Dospermous  Dicotyledons  are  regarded  as  inferior  in  grade  to  the 
Angiosperms.    Others  hold,  with  Dr.  Hooker,  that  the  Gymnosperms 

*  Pn>M«diiig«  of  ilw  Boyal  SociMr,  voL  viL,  Uareh  ISH,  p.  IS. 
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are  not  inferior  in  rank,  having  every  typical  character  of  the  dico- 
tyledons highly  developed.  ThuB  Conifewe  have  flowers,  and  are 
propagated  by  seeds  which  are  developed  through  the  mutual  action 
of  the  stamens  and  ovulea  ;  they  have  dico^ledonous  and  polycoty- 
ledoDous  embryos,  and  germinate  in  the  same  manner  as  other  di- 
cotyledons. The  seed-vessel  (or  ovary)  ia  not  closed,  but  this  is  also 
the  case  in  some  genera  of  angiosperms,  in  which  the  ovary  is  open 
before  or  after  impregnation,  so  that  this  character  cannot  be  relied 
on  as  constituting  a  fundamental  difference  in  structural  develop- 
ment. TheConiferiB  are  ezogenoua,  and  have  the  same  arrangement 
of  pith,  wood,  bark,  and  medullary  rays  as  have  the  typical  dicoty- 
ledonous trees.  Whether  the  woody  fibre  with  discs  cliaracteristic 
of  Conifers  be  a  more  or  a  less  compkx  tissue  than  the  spiral  vessels, 
is  a  controverted  point.  As  the  spiral  vessels  occur  in  the  young 
shoots,  and  are  lost  in  the  mature  growth  of  some  plants,  and  as 
they  appear  in  many  ocrogens,  they  do  not  seem  to  mark  a  high 
development.  In  fine,  there  is  much  ambiguity  in  deciding  what 
should  or  should  not  be  called  high  or  Imc  in  vegetable  stnictare, 
and  physiologists  entertain  very  different  abstract  ideas  as  to  the 
perfection  of  certain  oi'gaas  and  their  relative  functional  importance^ 
even  wiiere  the  function  is  clearly  ascertained.  It  ia  enough  for  the 
geologist  to  know,  that  fossil  Conifers  abound  in  the  oldest  rocks, 
yielding  a  considerable  number  of  vegetable  remains,  and  that  plants 
of  this  order  lay  claim,  if  not  to  the  highest,  at  least  to  so  high  a 
place  in  the  scale  of  vegetable  life,  as  to  preclude  us  from  charac- 
terizing the  carbon iftro us  flora  as  consisting  of  imperfectly  developed 
plants. 

^Although  our  data  are  confessedly  too  defective  to  entitle  us  to 
generalize  respecting  the  entire  vegetable  creation  of  this  era,  yet  we 
may  affirm  that  so  far  as  it  is  known  it  differed  widely  from  any 
flora  now  existing.  The  comparative  rarity  of  Monocotyledons  and 
of  Dicotyledonous  Angiosperms  seems  clear,  and  the  abundance  of 
Ferns  and  Lycopods  may  justify  Adolphe  Brongniart  in  calling  the 
primary  periods  the  age  of  Acrogens"  ("le  rSgne  des  Acrogens"). 
As  to  the  Sigillarife  and  Calamitcs,  they  seem  to  have  been  distinct 
from  all  tribes  of  now-existing  plants.  That  the  abundance  of  lema 
implies  a  moist  atmosphere,  is  admitted  hy  all  botanists  ;  but  no  safe 
conclusion,  says  Hooker,  can  be  drawn  from  the  Coniferte  alone,  as 
they  are  found  in  hot  and  dry  and  in  cold  and  dry  climates,  in  hot 
and  moist  and  in  cold  and  moist  regions.  In  New  Zealand  the 
Coniferte  attain  their  maximum  in  numbers,  constituting  ^nd  part 
of  all  the  flowering  plants ;  whereas  in  a  wide  district  around  the  Cape 
of  Good  Hope  they  do  not  form  -nVn'*'  "^  ^^  phenogamic  flora. 
Besides  the  conifers,  many  species  of  ferns  flourish  in  New  Zealand, 
Bome  of  them  arborescent^  together  with  many  lycopodiums;  so  that 
a  forest  in  that  country  may  make  a  nearer  approach  to  the  carbo- 
niferous vegetation  than  any  other  now  existing  on  the  globe. 

■  for  tenaiDologyofcIaMificackmof  plantt,  Ma^ove,  Doie,  p.  UI. 
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AMgioiperms. — Some  of  the  grass-like  leaves  termed 
PoacUes,  having  fine  longitndinsi  strise,  are  conjec- 
tured to  belong  to  Monocotyledons ;  but  the  deter- 
mination is  donbtrul,  as  some  of  them  maj  be  the 
leaves  of  Lepidodtndra,  others  the  stems  of  Ferns.    , 
The  cnrioas  plants  called  AnthotUhea  by  Lindle/ 
hare  nsaally  been  considered   to  be  fiower-spikes,  t 
having  what  seems  a  caljz   and  linear  petals  (see  '* 
fig.  535.).     I>r.  Hooker  suggested  that  thej  might 
be  tufts  of  young  leaves  like  those  of  the  larch,  but, 
after  seeing  the  mostpeifect  specimens,  he  no  longer 
thought  them    oniferous,  but  resembling  rather  the 
spike  of  a  highly  organized  plant  in  full  flower,  such 
MS  one  of  the  Bromeliaces,  to  which  Professor  Lindley  ^"'{ 
first  compared  them.    In  the  absence,  however,  of 
all  structure,  the  affinities  of  these  fossils  are  still  considered  very 
uncertain. 

Coal,  how  formed. — Erect  treet. — I  shall  now  consider  the  manner 
in  which  the  above-mentioned  plants  are  embedded  in  the  Btrxita,  and 
how  they  may  have  contributed  Co  produce  coal.  Professor  Goppert, 
after  examining  the  fussil  vegetables  of  the  cosl-fieldB  of  Germany, 
has  detected,  in  beds  of  pure  coal,  remains  of  plants  of  every  family 
hitherto  known  to  occur  fossil  in  the  carboniferous  rocks.  Many 
seams,  he  remarks,  are  rich  in  SiffUlaria,  Lepidodendra,  and  St^' 
maritB,  the  latter  in  such  abundance  as  to  appear  to  form  the  bulk  of 
the  coal.  In  some  places,  almost  all  the  plants  were  catamites,  in 
others  ferns.*  "  Some  of  the  plants  of  oar  coal,"  says  Dr.  Buckland, 
"grew  on  the  identical  banks  of  sand,  silt,  and  mud  which,  being 
now  indurated  to  stone  and  shale,  form  the  strata  that  accompany 
the  coal ;  whilst  other  portions  of  these  plants  have  been  drifted  to 
various  distances  from  the  swamps,  savannahs,  and  forests  that 
gave  them  birth,  particularly  those  that  are  dispersed  through  tlie 
sandstones,  or  mixed  with  fishes  in  the  shale  beds."  "  At  Dalgray, 
three  miles  north  of  Glasgow,"  says  the  same  author,  "  I  saw  in 
the  year  1S24,  as  there  still  may  be  seen,  an  unequivocal  example 
of  the  stumps  of  several  stems  of  large  trees,  standing  close  to- 
gether in  their  native  place,  in  a  quarry  of  sandstone  of  the  coal- 
formation."  I 

Between  the  years  1H37  and  1S40,  six  fossil  trees  were  discovered 
in  the  coal-fields  of  Lancashire,  where  it  is  intersected  by  the  Bolton 
railway.  They  were  all  in  a  vertical  position,  with  respect  to  the 
plane  of  the  bed  which  dips  about  15°  to  the  south.  The  distance 
between  the  first  and  the  last  was  more  than  100  feet,  and  the 
roots  of  all  were  embedded  in  a  soft  argillaceous  shale.  In  the  same 
plane  with  the  roots  is  a  bed  of  coal,  eight  or  ten  inches  thick, 
which  has  been  found  to  extend  across  the  railway,  or  to  tlie  distance 
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of  at  least  ten  yards.  Jnst  above  the  covering  of  the  roots,  yet 
beneath  the  coal-aeam,  to  large  a  quantity  of  the  LepidoUrobtu 
variabilit  was  discovered  enclosed  in  nodules  of  hard  cUy,  that 
more  than  a  bushel  was  collected  from  the  small  openings  aronnd 
the  base  of  the  trees  (see  figure  of  this  genns,  p.  468.).  The  exterior 
tronk  of  each  was  marked  hj  a  coating  of  friable  ooal,  varying  from 
one  quarter  to  three  qnarters  of  an  inch  in  thickness ;  bnt  it 
cmmbled  away  on  removing  the  matrix.  The  dimensions  of  one  of 
the  trees  is  I^  feet  in  circnmference  at  the  base,  7^  feet  at  the  top, 
ite  height  being  II  feet.  All  the  trees  have  large  spreading  routs, 
solid  and  strong,  sometimes  branching,  and  traced  to  a  distance  of 
several  feet,  and  presumed  to  extend  much  farther.  Mr.  Hawk- 
sbaw,  who  has  described  these  fossils,  thinks  Uiat,  although  they 
were  hollow  when  sabmerged,  they  may  have  consisted  originally 
of  hard  wood  throughont;  for  solid  dicotyledonous  trees,  wheii 
prostrated  in  tropical  forests,  as  in  Tenesaela,  on  the  shore  of  the 
Caribbean  Sea,  were  observed  by  him  to  be  destroyed  in  the  in- 
terior, so  that  little  more  is  left  than  an  outer  shell,  consisting 
chiefly  of  tiie  bark.  This  decay,  he  says,  goes  on  most  rapidly 
in  low  and  fiat  tracts,  in  which  there  is  a  deep  rich  soil  and  ex- 
cessive moisture,  supporting  tall  foreat-trees  and  large  palms, 
below  which  bamboos,  canes,  and  minor  palms  flourish  luxuriantly. 
Such  tracts,  from  their  lowness,  would  be  most  easily  Bubnaei^ed, 
and  their  dense  vegetation  might  then  give  rise  to  a  eeani  of  coaL* 

In  a  deep  vaOey  near  Capel-Coelbren,  braoebing  from  the  higher 
part  of  the  Swansea  valley,  fonr  stems  of  npright  SigiUaTia 
were  seen  in  1838,  piercing  through  the  coal-measures  of  S.  Wales ; 
oiw  of  them  was  2  feet  in  diameter,  and  one  1&^  feet  high, 
and  they  were  all  found  to  terminate  downwards  in  a  bed  of  coal. 
" They  appear,"  says  Sir  H.  De  la  Beche,  "to  have  constituted  a 
portion  of  a  subterranean  forest  at  the  epoch  when  the  lower  car- 
boniferous strata  were  formed."  f 

In  a  colliery  near  Newcastle,  say  the  authors  of  the  Fossil  Flora, 
a  great  number  of  SigiUaria  were  placed  in  the  rock  as  if  they  had 
retained  the  position  in  which  they  grew.  Not  less  than  thirty, 
some  of  them  4  or  5  feet  in  diameter,  were  visible  within  an  area 
of  SO  yards  square,  the  interior  being  sandstone,  and  the  bark 
having  been  converted  into  coaL  The  roots  of  one  individual 
were  found  embedded  in  shale ;  and  the  trunk,  after  maintaining  a 
perpendicular  course  and  circular  form  for  the  height  of  about  10 
feet,  was  then  bent  over  so  as  to  become  horizontal.  Here  it  was 
distended  laterally,  and  flattened  so  as  to  be  only  one  inch  thick, 
the  flatings  being  comparatively  distincL}  Such  vertical  stems 
are  familiar  to  our  miners,  under  the  name  of  coal-pipes.  One  of 
them,  72  feet  in  length,  was  discovered,  in  182d,  near  Gosforth, 
about  five  miles  ftom  Newcastle,  in  coal-gri^  the  strata  of  which 

«  Hawkihaw,   G«ol.  Trant.,  Second    and  Somnfet,  p.  143. 
Seriei,  Ti>L  tL  pp.  1T3.  1T7-,  PL  17.  {  lindlaj   uid    Hulton,   Fom.  Via, 

t  G«oL  Bepon  on  Cornirall,  Deron,    Part  6.  p.  isa 
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it  penetrated.  The  exterior  of  the  trunk  wu  marked  at  intervals 
with  knote,  indicating  the  points  at  which  branches  had  shot  off. 
The  wood  of  the  interior  had  been  concerted  into  carbonate  of  lime; 
and  its  Btrnettire  was  beaatifullj  shown  hj  cutting  tranjTerse  sUcee, 
ao  thin  as  to  be  tumsparent.     (See  p.  40.) 

These  "  coal- pipes  "  are  mnch  dreaded  by  our  miners,  for  almost 
every  jear  in  the  Bristol,  Newcastle,  and  other  coal-fields,  they  are 
the  cause  of  fatal  accidents.  Each  cylindrical  cast  of  a  tree,  formed 
of  solid  sandstone,  and  increasing  gradually  is  size  towards  the  base, 
sad  being  without  branches,  has  its  whole  weight  thrown  down- 
vards,  and  receiveB  no  support  from  the  coating  of  friable  cool  which 
has  replaced  the  bark.  As  soon,  therefore,  as  the  cohesion  of  thu 
external  layer  is  overcome,  the  heavy  column  falls  suddenly  in  a 
perpendicular  or  oblique  direction  from  the  roof  of  the  gallery 
whence  coal  has  been  extracted,  wounding  or  killing  the  workman 
who  stands  below.  It  is  strange  to  reflect  how  many  thousands  of 
these  trees  fell  originally  in  their  native  forests  in  obedience  to  the 
law  of  gravity,  and  how  the  few  which  continued  to  stand  erect, 
obeying,  afler  myriads  of  ages,  the  same  force,  are  cast  down  to  im- 
molate their  human  victims. 

It  has  been  remarked,  that  if,  instead  of  working  in  the  dark, 
the  miner  was  accustomed  to  remove  the  upper  covering  of  rock 
from  each  seam  of  coal,  and  to  expose  to  the  day  the  soils  on 
which  ancient  forests  grew,  the  evidence  of  their  former  growth 
would  be  obvious.  Thus  in  South  Staffordshire  a  seam  of  coal  was 
laid  bare  in  the  year  1844,  in  what  is  called  an  open  work  at 
Pwkfleld  Colliery,  near  Wolverhampton.  In  the  space  of  about 
a  quarter  of  an  acre  the  stumps  of  no  less  than  seventy-three  trees 
with  their  roots  attached  appeared,  as  shown  in  the  annexed 
plsji  (fig.  536.),  some  of  them  more  than  8  feet  in  circumference. 
ricitM. 


The    trunks,  broken  off  dose  to  the  root,  were  lying  prostrate  in 
*  Hem.  Beckett  sad  Ick,  FrocMd.  Gcol.  Soc,  toL  tv.  p.  287. 
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every  directioo,  often  crossing  each  other.  One  of  them  meuored 
13,  another  30  feet  in  length,  and  othere  less.  The;'  were  invariiblj 
flattened  to  the  thickness  of  one  or  two  inches,  and  converted  ioUi 
coal.  Their  roots  formed  part  of  a  stratum  of  coal  10  inches  thick, 
which  rested  on  a  layer  of  clay  2  inches  thick,  below  which  wis  a 
second  forest,  resting  on  a  2-foot  seam  of  coal.  Five  feet  below  tbii 
again  was  a  third  forest  with  large  atumps  of  Lepidodendra,  Cala- 
miles,  and  other  trees. 

In  the  account  given,  in  1821,  by  M.  Alex.  Brongniart*  of  the 
coal-mine  of  Treuil,  at  St.  Etienne,  near  Lyons,  he  states  that 
distinct  horizontal  strata  of  micaceous  sandstone  are  traversed  bj 
vertical  trunks  of  tuonocotyledonoue  vegetables,  resembling  bam- 
boos  or  targe  Equiteta  (flg.  537.).     Since  the  consolidation  of  the 


stone,  there  has  been  here  and  there  a  sliding  movement,  which  has 
broken  the  continuity  of  the  stems,  throwing  the  upper  parts  of 
them  on  one  side,  so  that  they  are  often  not  continuous  with  the 
lower. 

From  these  appearances  it  was  inferred  that  we  have  here  the 
monuments  of  a  submerged  forest  I  formerly  objected  to  this  con- 
clusion, suggesting  that,  in  that  case,  all  the  roots  ought  to  have 
been  found  at  one  and  the  name  level,  and  not  scattered  irregularly 
through  the  mass,  I  also  imagined  that  the  soil  to  which  the  roots 
were  attached  should  have  been  different  from  the  sandstone  in 
which  the  trunks  are  enclosed.  Having,  however,  seen  calsmite* 
near  Pictou,  in  Nova  Scotia,  buried  at  various  heights  in  sandstone 
and  in  similar  erect  attitudes,  I  have  now  little  doubt  that  M.  Brong- 

■  Annalet  itt  Mine),  IS3I. 
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niart's  view  ms  correct.  These  plants  seem  to  have  grown  on  a 
sand;  soil,  liable  to  be  flooded  from  time  to  time,  and  raised  by  new 
accessions  of  sediment,  as  may  happen  in  swamps  near  the  banks 
of  a  large  river  in  its  delta.  Trees  which  deliglit  in  marshy 
groands  are  not  injured  bj  being  buried  several  feet  deep  at  their 
base ;  and  other  trees  are  continually  rising  up  from  new  soils, 
several  feet  above  the  level  of  the  original  fouadalion  of  the 
mnrass.  In  the  banks  of  the  Mississippi,  when  the  water  lias  fallen, 
I  have  seen  sections  of  a  similar  deposit  in  which  portions  of  the 
stumps  of  trees  with  their  roots  in  situ  appeared  at  many  different 

When  I  visited,  in  1843,  the  quitrries  of  Treuil  above  mentioned, 
the  fossil  trees  seen  in  fig.  537.  were  removed,  but  I  obtained  proofs 
of  other  forests  of  erect  trees  in  the  same  coal-field. 

Snagt.  —  In  1830,  a  slanting  trunk  was  exposed  in  Gragleith 
quarry,  near  Edinburgh,  the  total  length  of  which  exceeded  60  feet. 
Its  diameter  at  the  top  was  about  7  inches,  and  near  the  base  it 
measured  5  feet  in  its  greater,  and  2  feet  in  its  lesser  width.  The 
bark  was  converted  into  a  thin  coating  of  the  purest  and  finest  coal, 
formingastriking  contrast  in  colour  witit  the  white  qnartzose  sandstone 
iit  which  it  lay.     The  annexed  ^^^  ^^ 

figure  represents  a  portion  of  this 
tree,  about  15  feet   long,  which 
I  saw  exposed  in  1830,  when  all 
the  strata  had  been  removed  from 
one  side.     The  beds  which  re- 
mained were  so  unaltered  and  un- 
disturbed at  the  pointof  junction, 
as  clearly  to  show  that  they  bad 
been   tranquilly  deposited  roi 
the  tree,  and  that  the  tree  had 
not  subsequently  pierced  through 
tbem  while  they  were  yet  in  a     ^J"- 
soft  state.     They  were  composed  chiefly  of  siliceous  sandstone,  for 
the  most  part  white  ;  and  divided  into  laminas  so  thin,  that  from  six 
to  fourteen  of  them  might  be  reckoned  in  the  thickness  of  an  inch. 
Sotae  of  these  thin  layers  were  dark,  and  contained  coaly  niatier  ; 
bat   the  lowest  of  the  intersected  beds  were  calcareous.     The  trco 
coald    not  have  been  hollow  when  embedded,  for  the  interior  still 
preserved  the  woody  texture  in  a  perfect  state,  the  petrifying  matter 
bein^,  for  the  most  part,  calcareoue.f    It  is  also  clear  that  the  lapidi- 
fying   natter  was  not  introduced  laterally  from  the  strata  through 
vrhicb  the  fossil  passes,  as  most  of  these  were  not  calcareous.     It  is 
yfeW  known  that,  in  the  Mississippi  and  other  great  American  rivers, 
wh^re  thousands  of  trees  float  annually  down  the  streams,  some  sink 
iviili    their  roots  downwards,  and  become  fired  in  the  mud.     Thus 
placed    they  have  been  compared  to  a  lance  in  rest ;  and  so  often  do 

*  Principlea  of  GeoL,  9th  ed.,  p.  268. 
t  Sec  (iguroi  of  lexlare,  Wiiham,  FoM,  Veget,  PL  3. 
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they  pierce  throngb  the  bows  of  veBsele  which  mn  againet  them, 
that  they  render  the  navigation  extremeljr  dangerons.  Mr.  Hugh 
Miller  mentioDB  four  other  huge  trunks  exposed  in  quarries  near 
Edinbnrgb,  which  lay  diagonally  across  the  strsta  at  an  angle  of 
about  30°,  with  tbeir  lower  or  heavier  portions  downwards,  the 
roots  of  all,  save  one,  rubbed  off  by  attrition. 
One  of  these  was  60  and  another  70  feet  in 
length,  and  from  4  to  6  feet  in  diameter. 

The  nnmber  of  years  for  which  the  trunks  of 
treeo,  when  constantly  submerged,  can  resist 
decomposition,  is  very  great ;  aa  we  might  sup- 
pose from  the  durability  of  wood,  in  artificial 
piles,  permanently  covered  by  water.  Hence 
these  fossil  snags  may  not  imply  a  rapid  acca- 
mnlation  of  beds  of  sand,  although  the  channel 
of  a  river  or  part  of  a  lagoon  is  often  filled  up 
in  a  very  few  years. 

Aiwa  Seotia. — One  of  the  finest  examples  in 

//,        a     the  world  of  a  succession  of  fossil  forests  of  the 

Carboniferous  period,  laid  open  to  view  in  a 

I  s     natural  section,  is  that  seen  in  the  lofty  cliffs 

s  I     called  the  South  Joggins,  bordering  the  Chig- 

*     necto  Channel,  a  branch  of  the  Bay  of  Fundy, 

I    in  Nova  Scotia.* 

4  ^        In  the  annexed  section  (Bg.  539.),  which  I 

I  8    examined  in  July,  1842,  the  beds  from  c  to  t  are 

i  "2     seen  all  dipping  the  same  way,  their  average 

J     inclination  being  at  an  angle  of  24°  S-S-W. 

.  I     The  vertical  height  of  the  cliSs  is  from  ISQ  to 

I  °     200  feet ;  and  between  d  and  g,  in  which  apace 

I  I     I  observed  seventeen  trees  in  an  upright  posi- 

I  i     tion,  or,  to  speak  more  correctly,  at  right  angles 

1  *£     to  the  planes  of  stratification,  I  counted  nineteen 

2  J     seams  of  coal,  varying  in  thickness  from  2  inches 
I     to  4  feet.     At  low  tide  a  fine  faorisontal  section 

of  the  same  beds  is  exposed  to  view  on  the 
I         beach.     The  thickness  of  the  beds  alluded  to, 
I         between  d  and  g,  is  about  2500  feet,  the  erect 
'         trees  consisting  chiefiy  of  large  SigiSaria,  oc- 
curring at  ten  distinct  levels,    one  above  the 
I        other  i  but  Mr.  Logan,  who  afterwards  made  a 
I         more  detailed  survey  of  the  same  line  of  cliffs, 
-J         found  erect  trees  at  seventeen  levels,  extending 
through  a  vertical  thickness  of  4515  feet    of 
strata;  and  be  estimated  the  total  thickness  of 
the  carboniferous  formation,  with  and  without 
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coal,  at  no  leis  thaa  14,570  feet,  eTerjwhere  devoid  of  m&rine 
organic  remains.*  The  qbuaI  height  of  the  buried  treei  seen  by  ni« 
ma  from  6  bi  8  feet ;  bnt  one  trunk  wu  about  25  feet  bigh  knd  4  feet 
in  diameter,  ifith  a  considerable  bulge  at  the  base.  In  no  instance 
could  I  detect  anj  trnnk  intenecting  a  layer  of  coal,  however  thin  ; 
and  most  of  the  trees  terminated  downwards  in  seams  of  coal.  Some 
few  only  were  based  in  clay  and  sbalc  ;  none  of  them,  except  cala- 
mitei,  in  sandstone.  The  erect  trees,  therefore,  appeared  in  gene- 
ral to  have  grown  on  beds  of  coal.  In  the  underclays  Stigmaria 
abounds. 

In  1622  Dr.  Dawson  and  the  author  made  a  detailed  examination 
of  one  portion  of  the  strata,  1400  feet  thick,  where  the  coal-seams 
are  most  frequent,  and  fbund  evidence  of  root-bearing  soils  at  sixty- 
eight  different  levels.  Like  the  seams  of  coal  which  often  cover 
them,  these  root-beds  or  old  soils  are  at  present  the  most  destructible 
masses  in  the  whole  cliff,  the  sandstones  and  laminated  shales  being 
harder  and  more  capable  of  resisting  the  action  of  the  waves  and 
the  weather.  Ortginally  the  reverse  was  doubtless  true,  fbr  in  the 
existing  delta  of  the  Uississippi  those  clays  in  which  the  innume- 
rable roots  of  the  deciduous  cypress  and  other  swamp  trees  ramify 
in  all  directions  are  seen  to  withstand  far  more  effectually  the 
undermining  power  of  the  river,  or  of  the  sea  at  the  base  of  the 
delta,  than  do  beds  of  loose  sand  ot  layers  of  mud  not  supporting 
trees. 

This  fact  may  explwn  why  seams  of  coal  have  so  often  escaped 
denudation,  and  remain  continuous  over  wide  areas,  since  the  tough 
roots,  now  turned  to  coal,  which  once  traversed  them,  would  enable 
them  to  resist  a  current  of  water,  whilst  other  members  of  the  coal- 
formation,  in  their  original  and  unconsolidated  state  of  sand  and 
mud,  would  be  readily  removed. 

In  regard  to  the  plants,  they  belonged  to  the  same  genera,  and 
most  of  them  to  the  same  species,  as  those  met  with  in  the  distant 
coal-fields  of  Europe.  In  the  sandstone,  which  Sited  their  interiors, 
I  frequently  observed  fern-leaves,  and  sometimes  (ragmenti  of  Stiff' 
maria,  which  had  evidently  entered  together  with  sediment  after  the 
trunk  had  decayed  and  become  hollow,  and  while  it  was  stiH  stand- 
ing under  water.  Thus  the  tree,  a  b,  fig.  540i,  the  sune  which  is 
represented  at  «,  fig.  541.,  oi  in  the  bed  «  in  the  larger  section, 
fig.  539.,  is  a  hoUow  trunk  5  feet  8  inches  in  length,  traversing 
varions  strata,  and  cut  off  at  the  top  by  a  layer  of  clay  2  feet  thick, 
on  which  rests  a  seam  of  ooal  {It,  fig.  541.)  }  foot  thick.  Oi  this 
coal  again  stood  two  large  trees  (c  and  d),  while  at  a  greater  height 
the  trees /and  ff  rest  upon  a  thin  seam  of  coal  («),  and  above  them 
is  an  underctay,  supporting  the  4- feet  coal. 

If  we  now  return  to  the  tree  first  mentioned  (fig.  540.),  we  find 
the  diameter  {a  b}  14  iocheB  at  the  top  and  16  inches  at  the  bottom, 
the  length  of  the  trunk  5  feet  8  inches.     The  strata  in  the  interior 
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coQsisted  of  a  series  entirely  different  from  those  on  the  outside. 
The  lowest  of  the  three  outer  beds  which  it  traversed  consisted  of 
purplish  and  blue  shale  {c,  fig.  540.),  2  feet  thick,  above  which  was 


snndstone  (d)  1  foot  thick,  and,  above  this,  clay  (e)  2  feet  8  inches. 
But  in  the  interior  were  nine  distinct  layers  of  different  composi- 
tion :  at  the  bottom,  first,  shale  4  inches,  then  sandstone  1  foot,  then 
ahale  4  inches,  then  sandstone  4  inches,  then  shale  11  inches,  then 
clay  (/)  with  nodules  of  ironstone  2  inches,  then  pure  clay  2  feet, 
then  sandstone  3  inches,  and,  lastly,  clay  4  inches.  Owing  to  the 
outward  slope  of  the  face  of  the  cliff,  the  section  (fig,  540.)  was  not 
exactly  perpendicular  to  the  axis  of  the  tree  ;  and  hence,  probably, 
the  apparent  sudden  termination  at  the  base  without  a  stump  and 

In  this  example  the  layers  of  matter  in  the  inside  of  the  tree  are 
more  numerous  than  those  without ;  but  it  is  more  common  in  the 
coal-measures  of  all  countries  to  find  a  cylinder  of  pure  sandstone 
— the  cast  of  the  interior  of  a  tree — intersecting  a  great  many 
alternating  beds  of  shale  and  sandstone,  which  originally  enveloped 
the  trunk  as  it  stood  erect  in  the  water.  Such  a  want  of  corres- 
pondence in  the  materials  outside  and  inside,  is  just  what  we  might 
expect  if  we  reflect  on  the  difference  of  time  at  which  the  deposition 
of  sediment  will  take  place  in  the  two  cases ;  the  embedding  of  the 
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tree  having  gone  on  for  la&Dj  jresrs  before  its  decaj  had  mode  much 
progreaa. 

In  many  places  distinct  proof  ie  seen  that  the  enveloping  strata 
took  years  to  accnmuUte,  for  some  of  the  sandstones  surrounding 
erect  sigillarian  trunks  support  at  different  levels  roots  and  stems 
of  Calamites;  the  Calamitet  haviug  begun  to  grow  afWr  the  older 
Siffillari<E  had  been  partially  buried. 

The  general  absence  of  structure  ia  the  interior  of  the  large  fossil 
trees  of  the  Coal  implies  the  very  durable  nature  of  their  bark,  as 
compared  with  their  woody  portion.  The  same  difference  of  dura* 
bility  of  bark  and  wood  exists  in  modem  trees,  and  was  first  pointed 
out  to  me  by  Dr.  Dawson,  in  the  foreste  of  Kova  Scotia,  where  the 
Canoe  Birch  (Belula  papyraeea)  has  such  tough  hark  that  it  may 
sometimes  be  seen  in  the  swamps  looking  externally  sound  and  fresh, 
although  consisting  simply  of  a  hollow  cylinder  with  all  the  wood 
decayed  and  gone.  In  such  cases  the  submerged  portion  is  some- 
times found  filled  with  mnd. 

One  of  the  erect  fossil  trees  of  the  South  Joggins  has  been  shown 
by  Dr.  Dawson  to  have  Araucarian  structure,  so  that  some  Conifera 
of  the  Coal  period  grew  in  the  same  swamps  as  Sigillaruc,  just  as 
now  the  deciduous  Cypress  (T'oxo^tunt  dutiehum)  abounds  in  the 
marshes  of  Louisiana  even  to  the  edge  of  the  sea. 

When  the  carboniferous  forests  sank  below  high-water  mark,  a 
species  of  Spirorbis  or  Serpula  (fig.  545.)  attached  itself  to  the  out- 
side of  the  stumps  and  8t«ms  of  the  erect  trees,  adhering  occasionally 
even  to  the  interior  of  the  bark — another  proof  that  the  process  of 
envelopment  was  very  gradual.  These  hollow  upright  trees,  covered 
with  innumerable  marine  annelids,  reminded  me  of  a  "cane-brake,* 
as  it  is  commonly  called,  consisting  of  tall  reeds  of  Arundinaria 
tnaerotparma,  which  I  saw  in  1846,  at  the  Balise,  or  extremity  of 
the  delta  of  the  Mississippi.  Although  these  reeds  are  freshwater 
plants,  they  were  covered  with  barnacles,  having  been  killed  by  an 
incursion  of  salt  water  over  an  extent  of  many  acres,  where  the  sea 
had  {or  a  season  usurped  a  space  previously  gained  from  it  by  the 
river.  Yet  the  dead  reeds,  in  spile  of  this  change,  remained  stand- 
ing in  the  soft  mud,  showing  how  easily  the  SiffUlarue,  hollow  as 
they  were  but  aapported  by  strong  roots,  may  have  resisted  an  in- 
cursion of  the  sea. 

The  high  tides  of  the  Bay  of  Fnndy,  rising  more  than  60  feet, 
are  bo  destructive  as  to  undermine  and  sweep  away  continually  the 
whole  face  of  the  cliffs,  and  thus  a  new  crop  of  erect  fossil  trees  is 
brought  into  view  every  three  or  four  years.  They  are  known  to 
extend  over  a  space  between  two  or  three  miles  from  north  to  south, 
and  more  than  twice  that  distance  from  east  to  west,  being  seen  in 
the  banks  of  streams  intersecting  the  coal-field. 

In  Cape  Breton,  Mr.  Bichard  Brown  has  observed  in  the  Sydney 
coal-field  a  total  thickness  of  coal-measures,  without  including  the 
underlying  millstone-grit,  of  IS48  feet^  dipping  at  an  angle  of  80°. 
He  has  published  nunute  details  of  the  whole  series,  showing  at  how 
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nuay  different  levels  erect  trees  occur,  coiuUting  of  SigUlaria,  Le- 
pidodendroTt,  Calamitet,  and  other  genera.  In  one  place  eight  erect 
tnuiks,  with  roots  and  rootlets  attached  to  them,  were  seen  at  the 
same  level,  within  a  horizontal  space  80  feet  in  length.  Beds  of  coal 
of  varions  thickness  are  interstratified.  Taking  into  account  fonj- 
one  clays,  filled  with  roots  of  Stigmarta  in  their  natoral  poaition, 
and  eighteen  layers  of  upright  trees  at  other  levels,  there  is,  on  the 
whole,  clear  evidence  of  at  least  fifty-nine  fossil  forests,  ranged  one 
above  the  other,  in  this  coal-field,  in  the  above>mentioned  thickness 
of  strata.* 

The  fossil  shells  of  Cape  Breton  and  those  of  the  Nova  Scotia 
section,  consist  of  species  of  Unionida,  or  an  allied  extinct  fiunily. 
None  of  them  agree  with  any  shells  known  in  the  marine  carboni- 
ferous limestones.  In  Botne  strata  the  shells  of  an  annelid  allied  to 
the  genos  SpirorbU  (see  fig.  545.)  seem  to  indicate  brackish  water  ; 
but  we  ought  never  to  be  surprised  if,  in  pursuing  the  same  stratum, 
we  Bhould  come  either  to  a  freshwater  or  a  parely  marine  deposit ; 
for  this  will  depend  upon  onr  taking  a  direction  higher  up  or  lower 
dowa  the  ancient  river  or  delta  deposit. 

In  the  strata  above  described,  the  association  of  clays  supporting 
upright  trees,  with  other  beds  containing  brackish-water  shells,  im- 
plies such  a  repeated  change  in  the  same  area,  from  land  to  sea  aod 
from  sea  to  land,  that  here,  if  anywhere,  we  should  expect  to  meet 
withevidenceof  the  fall  of  rain  on  ancient  sea-beaches.  Accordingly, 
rain-prints  were  seeu  by  Dr.  Dawson  aad  myself  at  various  levels,  but 
the  most  perfect  hitherto  observed  were  discovered  by  Mr.  Brown 
near  Sydney  in  Cape  Breton.  They  consist  of  very  delicate  impres- 
sions of  rain-drops  on  greenisli  slates,  with  several  worm-tracks 
(a,  b,  fig.  542.),  such  as  usually  accompany  rain-marka  on  the  recent 
mud  of  the  Bay  of  Fuady,  and  other  modern  beaches. 
rtg.  Ht.  FI1.MI. 
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The  CMta  of  rein-prints  in  figs.  543.  and  544.,  project  from  the 
under  side  of  two  lajera,  occnrriag  at  different  levels,  tbe  one  a 
sandy  shale,  resting  on  the  green  shale  (fig.  542.),  the  other  a  sand- 
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stone  presenting  a  similar  warty  or  blistered  surface,  on  which  are 
also  observable  some  small  ridges  as  at  a,  which  stand  out  in  relief, 
uid  atfbrd  evidence  of  cracks  formed  by  the  shrinkage  of  subjacent 
clay,  on  which  rain  had  fallen.  Hany  of  the  associated  eandstones 
ftre  ripple-marked. 

The  great  humidity  of  the  climate  of  the  Coal  period  had  been 
preTioasly  inferred  from  the  natore  of  its  vegetation  and  the  con- 
tinuity of  its  forests  for  hundreds  of  miles  ;  but  it  ia  satisractory 
to  bare  at  length  obtained  such  positive  proofs  of  showers  of 
rain,  the  drops  of  which  resembled  in  their  average  size  those 
which  now  fall  from  the  clouds.  Prom  snch  data  we  may  presume 
that  the  atmosphere  of  the  Carboniferous  period  corresponded  in 
density  with  that  now  ioTesting  the  globe,  and  that  different  currents 
of  air  varied  then  as  now  in  temperature,  so  as  to  give  rise,  by  their 
mixture,  to  the  condensatioo  of  aqueous  vapour. 

The  more  closely  tbe  strata  productive  of  coal  hare  been  studied, 
the  greater  has  become  the  force  of  the  evidence  in  favour  of  their 
having  originated  in  the  manner  of  modern  deltas.  They  display  a 
TBSt  thickness  of  stratified  mud  and  fine  sand  without  pebbles,  and 
in  them  are  seen  countless  stems,  leaves,  and  roots  of  terrestrial 
planie,  free  for  the  most  part  from  all  intermixture  of  marine 
remains— circumstances  which  imply  the  persistency  in  the  same 
region  of  a  vast  body  of  fresh  water.  This  water  was  also  charged, 
like  that  of  a  great  river,  with  an  inexhaustible  supply  of  sediment, 
irbicb  seems  to  have  been  transported  over  alluvial  plains  so  far 
from  the  higher  grounds  that  all  coarser  particles  and  gravel  were 
left  behind.  Such  phenomena  imply  the  drainage  uid  denudation 
of  B  continent  or  lai^e  island,  having  within  ii  one  or  more  ranges 
of  mountains.  The  partial  intercalation  of  brackish -water  beds  at 
certain  points  is  equally  consistent  with  the  theory  of  a  delta,  the 
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lower  pKTts  of  which  »ro  always  exposed  to  be  overflowed  by  the 
sea,  even  where  no  oscillations  of  level  are  experieoced. 

The  purity  of  the  coal  itself,  or  the  absence  in  it  of  earthy  pvr* 
tides  and  sand,  throughout  areas  of  vast  extent,  is  a  fact  which 
appears  very  difficult  to  explain  when  we  attribute  each  coal-seam 
to  a  vegetation  growing  in  swamps.  It  has  been  asked  how,  during 
river  inundations  capable  of  sweeping  away  the  leaves  of  ferns  >nd 
the  stems  and  roots  of  Sufillaria  and  other  trees,  could  the  waters 
fail  to  transport  some  fine  mud  ioto  the  swamps  ?  Oue  generation 
after  another  of  tall  trees  grew  with  their  roots  in  mud,  and  tlieir 
leaves  and  prostrate  trunks  formed  layers  of  vegetable  matter,  which 
was  afterwards  covered  with  mud  since  turned  to  shale.  Yet  the 
coal  itself,  or  altered  vegetable  matter,  remained  all  the  while 
unsoiled  by  earthy  particles.  This  enigma,  however  perplexing  at 
first  sight,  may,  I  think,  he  solved  by  attending  to  what  is  now 
taking  place  in  deltas.  The  dense  growth  of  reeds  and  herbage 
which  encompasses  the  margins  of  forest -covered  swamps  in  the 
valley  and  delta  of  the  Mississippi  is  such  that  the  fiuviatile  waters, 
in  passing  through  them,  are  filtered  and  made  to  clear  themselves 
entirely  before  they  reach  the  areas  in  which  vegetable  matter  may 
accumulate  for  centuries,  forming  coal  if  the  climate  be  favourable. 
There  is  no  possibility  of  the  least  intermixture  of  earthy  matter  in 
such  cases.  Thus  in  the  large  submerged  tract  called  the  "  Sank 
Country,"  near  New  Madrid,  forming  part  of  the  western  side  of  the 
valley  of  the  Mississippi,  erect  trees  have  been  standing  ever  since 
tlie  year  1811-12,  killed  by  the  great  earthquake  of  that  date; 
lacustrine  and  swamp  plants  have  been  growing  there  in  the 
shallows,  and  several  rivers  have  annually  inundated  the  whole 
space,  and  yet  have  been  unable  to  carry  in  any  sediment  within 
the  outer  boundaries  of  the  morass,  so  dense  is  the  marginal  belt  of 
reeds  and  brushwood.  It  may  be  affirmed  that  gener^ly  in  the 
"  cypress  Bwaraps  "  of  the  Mississippi  no  sediment  mingles  with  the 
vegetable  matter  accumulated  there  from  the  decay  of  trees  and 
semi-aquatic  plants.  As  a  singular  proof  of  this  fact,  I  may  mention 
that  whenever  any  part  of  a  swamp  in  Louisiana  is  dried  up,  daring 
an  unnsually  hot  season,  and  the  wood  set  on  fire,  pits  are  burnt 
into  the  ground  many  feet  deep,  or  as  far  down  as  the  fire  can  descend, 
without  meeting  with  water,  and  it  is  then  found  that  scarcely  any 
residuum  or  earthy  matter  is  left."  At  the  bottom  of  all  these  "  cy- 
press swamps  "  a  bed  of  clay  is  found,  with  roots  of  the  tall  cypnru 
(  Taxodttim  diiticAum),  just  as  the  underclaya  of  the  coal  are  filled 
with  Stifftnaria. 

It  has  been  already  stated  that  the  carboniferous  strata  at  the 
South  Joggins,  in  Nova  Scotia,  are  nearly  three  milea  thick,  and 
the  coal-measures  areascertained  to  be  of  vast  thickness  near  Piciov, 
more  than  tOO  miles  to  the  eastward.    If,  therefore^  ve  speculate  on 

•  L^dl't  Second  "Vlut  to  the  U.  a,  vol.  ii  p.  245,  j  and  Americaii  JonnL  of 
Science,  Second  Series,  toL  v.  p.  17. 
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the  probable  Tolume  of  solid  matter,  contaioed  in  the  Nova  Scotia 
coal-fields,  there  appears  little  danf^er  of  erring  on  the  aide  of  eiceaa 
if  we  take  the  average  thickness  of  the  beds  at  7500  feet,  or  about 
half  that  ascertained  to  exiGt  in  one  carefully- measured  section. 
As  to  the  area  of  the  coal-field,  it  includes  a  large  part  of  New 
■Brunswick  to  the  west,  and  extends  north  to  Prince  Edward's 
Island,  and  probably  to  the  Magdalen  Isles.  When  we  add  the  Cape 
Breton  beds,  and  the  connecting  strata,  which  must  have  been 
denuded  or  are  still  concealed  beneath  the  waters  of  the  Gulf  of  St. 
Lawrence,  we  obtain  an  area  comprising  about  36,000  square  miles. 
This,  with  the  thickness  of  7500  feet  before  assumed,  will  give 
51,000  cubic  miles  of  solidmatter  asthe  volumeof  the  carboniferous 
rocks. 

According  to  the  latest  estimate  of  the  annual  discharge  of  water 
by  the  Mississippi,  and  the  proportion  of  sediment  held  In  suspension 
in  its  waters  at  different  seasons  of  the  year,  after  making  due 
allowance  for  the  sand  and  coarser  particles  pushed  along  the  bottom, 
it  would  take,  according  to  the  late  survey  of  Messrs.  Humphreys 
.  and  Abbot,  more  than  a  million  yeai-s  for  the  great  river  to  carry 
down  from  the  continent  to  the  gulf  an  amount  of  solid  matter  equal 
to  that  of  the  rocks  above  alluded  to.* 

The  Ganges,  according  to  the  data  supplied  to  me  by  Mr.  Everest 
and  Captain  Strachey,  conveys  so  much  larger  a  volume  of  solid 
matter  annually  to  the  Bay  of  Bengal,  that  It  might  accomplish  a 
similar  task  in  3?o,000  years. 

As  the  lowest  of  the  carboniferous  strata  of  Nova  Scotia,  like  the 
middle  and  uppermost,  consist  of  shallow-water  beds,  the  whole 
vertical  subsidence  of  three  miles,  at  the  South  Joggins,  must  have 
taken  place  gradually.  Even  if  this  depression  was  brought  abont 
in  the  course  of  375,000  years,  it  may  have  been  accomplished  at 
the  average  rate  of  4  feet  in  a  century,  resembling  that  now  ex- 
perienced in  certain  countries,  where,  whether  the  movement  be 
upward  or  downward,  it  is  quite  insensible  to  the  inhabitants,  and 
only  known  by  scientific  inquiry.  K,  on  the  other  hand,  it  was 
brought  about  in  rather  more  than  a  million  of  years  according  to 
the  other  standard  before  alluded  to,  the  rate  would  be  little  more 
than  a  foot  in  a  century.  The  same  movement  taking  place  in  an 
upward  direction  would  be  sufficient  to  uplift  a  portion  of  the  earth's 
crust  to  the  height  of  Mont  Blanc,  or  to  a  vertical  elevation  of  three 
miles  above  tlie  level  of  the  sea. 

The  delta  of  the  Ganges  presents  in  one  respect  a'  striking  parallel 
to  the  Nova  Scotia  coal-field,  since  at  Calcutta,  at  the  depth  of  eight 
or  ten  feet  fVom  the  surface,  the  buried  stoob  of  trees  with  their  roots 
attached  have  been  found  in  digging  tanks,  indicating  an  ancient 
soil  now  underground  ;  and,  in  boring  on  the  same  site  for  an  Arte- 
sian well,  to  the  depth  of  481  feet,  other  signs  of  ancient  forest- 

;    anil  Antiquitjr  of  Man, 
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covered  lands  and  peAtj  soils  have  been  obserred  at  sereral  depths, 
even  as  far  dowa  as  300  feet  and  more  below  the  level  of  the  oea. 
As  the  strata  pierced  through  contained  freshwater  renuuns  of 
recent  species  of  plants  and  animali,  they  imply  »  aabsidence  which 
has  been  going  on  coDtemporaneouslj  with  the  accnmnlation  of 
fluriatile  mad. 

In  the  English  coal-fields  the  same  association  of  fre^h,  or  rather 
brackiah-wawr  strata,  with  marine,  in  close  connection  with  beds  of 
coal  of  terrestrial  oriirin  has  been  frequently  recognized.  Thus, 
for  example,  a  deposit  near  Shrewsbury,  probably  formed  in 
brackish  wat«r,  has  been  described  by  Sir  B.  Murchison  as  the 
youngest  member  of  the  carboniferous  series  of  that  district,  at 
the  point  where  the  coal-measures  are  in  contact  with  the  Permian 
or  "Lower  New  Red."  It  consists  of  shales  and  sandjitones  about 
150  feet  thick,  with  coal  and  traces  of  plants;  iocludiug  a  bed 
of  limestone  varying  from  2  to  9  feet  in  thickness,  which  is  cellular, 
and  resembles  some  lacustrine  limestones  of  France  and  Germany. 
It  has  been  traced  for  30  miles  in  a  straight  line,  and  can  be 
recognized  at  still  more  distant  points.  The  characteristic  fossib 
are  a  smalt  bivalve,  having  the  form  of  a  Cyclat  or  Cyrena,  also 
a  small  entomoatracan  which  may  be  a  Ct/prit,  or,  if  marine,  a 
Cytkere  (ftg.  546.),  and  the  microscopic  shell  of  an  annelid  of  au 
extinct  genus  called  Mieroeonehw*  (fig.  JS43.)  allied  to  Serpula  or 
SpirorbU. 
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In  the  lower  coal-measures  of  Coalbrook  Dale,  the  stratti,  accord- 
ing to  Mr.  Prestwich,  often  change  completely  within  very  short 
Fii'  Ml.  distances,  beds  of  sandstone  passing  hori- 

zontally into  clay,  and  clay  into  land- 
stone.  The  coal-seams  often  wedge  out 
or  disappear;  and  sections,  at  places 
nearly  contiguous,  present  marked  litho- 
logical  distinctions.  In  this  single  field, 
in  which  the  strata  are  from  700  to  600 
feet  thick,  between  forty  and  fifty 
species  of  terrestrial  plants  have  been 
z/miAu  mrtmrf^Bii.  prBtwich.  discovered,  besidcs  several  fishes  of  the 
coij,  cwibroak  otit.  genera  Megaltekthj/s,  HoloptycAmt,  and 

others.     Crtittacea  are  also  met  with,  of  the  genus  Limulut  (see  fig. 
*  SiloTMU  SfaCem,  p.  8*. 
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517.),  resembling  ia  all  essentuJ  cbaractere  tbe  Limuli  of  the  Oolitic 
period,  and  the  king-crab  of  the  modera  seas.  Tbef  were  smaller, 
however,  than  the  living  form,  and  bad  the  abdomen  deeply  grooved 
across,  and  serrated  at  its  edges.  In  this  specimen  the  tail  is  wanting ; 
but  in  another,  of  a  second  species,  from  Coalbrook  Dale,  the  tail  is 
seen  to  agree  with  that  of  the  living  Limulus. 

The  perfect  carapace  of  a  long-tailed  or  decapod  crustacean  baa 
also  been  found  in  the  iron-stone  of  these  strata  by  Mr.  Ick  (see  fig. 
548.).     It  is  referred  by  Mr.  Salter  to  Glyphta,  a  genus  also  occur- 
ring in  the  Lias  and  Oolite.     There  are  also  pi^  j^g 
upwards  of  forty  species  of  moUueca,  among 
which  are  two  or  three  referred  to  the  fresh- 
water genud    Unio,   and   others   of  mnrine 
forms,  such  as  Nautilus,  Orlhoctrag,  Spirifer, 
and  Prodnctus.    Mr.  Prestwich  suggests  that 
the  intermixture  of  beds  containing  fresb* 
water  shells  with  others  full  of  mnrine  remains 
and  the  alterpation  of  coarse  sandstone  and 
conglomerate  with  beds  of  fine  clay  or  shale 
containing  the  remains  of  plants,  may  be  ei-       a^fttaf  iMta  siuer 
plained  by  supposing  the  deposit  of  Coalbrook  ^''("'"^'"■^h^ll^'; 
Dale  to  have  originated  in  a  bay  of  the  sea    loni-iaiiciiicriii-icun.  Cmi- 
or  estuary  into  which  flowed  a  considerable 
river  subject  to  occasional  freshes.* 

One  or  more  species  of  acorpiona,  two  beetles  of  the  family  Curcu- 
bmida,  and  a  neuropteroua  insect  resembling  the  genus  CorydalU, 
and  another  related  to  Phatmida,  have  been  found  at  Coalbrook 
Dale.  From  the  coal  of  Wetting  in  Westphalia  several  specimens 
of  the  cockroach  or  Blatta  family,  and  the  wing  of  a  cricket  {Acri- 
diUt),  have  been  described  by  Germar.f 

More  recently  (1854)  Mr.  Fr.  Goldenberg  has  poblished  descrip- 
tions of  no  less  than  twelve  species  of  insects  from  the  nodular 
clay-iron-stone  of  Saarbriici,  near  Treves.}  They  are  aeaociUed 
Willi  the  leaves  and  branches  of  fossil  ferns.    Among  them  are 


OrpUacrli  mkantkriiea.  Gnldtntwrg. 
Ca4],  SurbiUek,  atu  Tmo. 

*  Frertwich.GeoI. Trans., SecSerisai,     1843. 
vol.  T.  p.  440.  X  Palsont,  Danker  and  V.  Ucycr, 

t  S«  Man«(er'iBeitr.,Tol.  y.Pt  IS.,     vol  iv.  p.  IT. 
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cevei-ftl  BlatlintE,  three  species  of  Heuroplera,  one  beetle  of  the 
Scarabaus  fninily,  a  grasshopper  or  locust,  Gryllaeris  (see  fig.  549.), 
and  Beversl  white  ants  or  Termitet.  These  newly-added  species 
probably  outnumber  all  we  knew  before  of  the  fossil  insects  of  the 
coal. 

In  the  Edinburgh  coal-field,  at  Burdiehouse,  fossil  fishes,  molluskF, 
and  cyprides  (?),  very  BimiUr  to  those  in  Shropshire  and  Stafibrdsbire , 
have  been  found  by  Dr.  Hibhert.  In  the  coal-field  also  of  Yorkshire 
there  are  freshwater  strata,  some  of  which  contain  shells  referred 
to  the  family  Unionida ;  but  in  the  midst  of  the  series  there  is  one 
thin  but  very  widely-spread  stratum,  abounding  in  fishes  and  marine 
Kliells,  such  a.s  Goniatiteg  lAsteri  (fig.  550.),  Ortkoeeras,  and  Avkuia 
papffracea,  Goldf.  (fig.  551.), 


No  similarly  intercalated  layer  of  marine  shells  has  been  noticed 
in  the  ueigiibouring  coal'field  of  Newcastle,  where,  as  in  South 
\^'iilcs  and  Somersetshire,  the  marine  deposits  are  entirely  below 
those  containing  terrestrial  and  freshwater  remains.* 

Claif-ir on-stone. — Bands  and  nodules  of  clay -iron -stone  are  com- 
moQ  in  coal-measures,  and  are  formed,  says  bir  H.  De  la  Beche, 
of  carbonate  of  iron  mingled  mechanically  with  earthy  matter, 
like  that  constituting  the  shales.  Mr.  Hunt,  of  the  Maseum  of 
Practical  Geology,  instituted  a  series  of  experiments  to  illustrate 
the  production  of  this  substance,  and  found  thut  decomposing  vege- 
table matter,  such  as  would  be  distributed  through  all  coat  strata, 
prevented  the  farther  oxidation  of  the  proto-salcs  of  iron,  and  con- 
verted the  peroxide  into  protoxide  by  taking  a  portion  of  its  oxygen 
to  form  carbonic  acid.  Such  carbonic  acid,  meeting  with  the  pro- 
toxide of  iron  in  solution,  would  unite  with  it  and  form  a  carbonate 
of  iron  ;  and  this  mingling  with  fine  mud,  when  the  excess  of  cir- 
bonic  acid  was  removed,  might  form  beds  or  nodules  of  argillaceous 
iron-ston&t 

t  MemoLrs  of  Goal.  Surrcj,  pp-  51. 
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CHAPTER  XXV. 

GROUP — continued. 

Coal-fields  oflhi  United  States — Section  of  the  caantrj'  twtween  tbe  Atlantic  and 
Mi»ii9sippi — Position  of  land  in  the  carboniferoas  period  eastward  of  Ibe  A1' 
Icghanies  —  MccbanicoUj  fonned  rocki  ttuDniag  oat  westward,  and  limenones 
(bicliening — Uniting  of  msDj'  coal-aeama  into  one  thick  bed  —  Hoiiiontal  coal 
at  Brownn-illc,  FennajlTania —  Vaat  extent  and  contiaiiitT  of  single  seams  of 
coal  — Ancient  river-channel  in  Forest  of  Dean  coal-field — Climate  of  car- 
boniferoos  period  —  Insects  in  coal  —  Barit;  of  air-breathing  animalE — Great 
number  of  fossil  fish  —  First  diecOTery  of  the  skeletoas  of  fossil  reptiles  —  Foot- 
prints of  reptilians — Fint  land-shell  found  —  Ririty  of  air-breathers,  whether 
fvTtebratc  or  invertebrate,  in  Coaj-mcasurea— Mouowin  limestone — Its  corals 
and  marine  shells. 

It  was  stated  in  tbe  laat  chapter  that  a  great  uniformity  prevtuls  in 
the  fossil  plants  of  the  coal-measures  of  Europe  and  North  America; 
and  I  maj  add  that  four-fifths  of  those  collected  in  Nova  Scotia  hare 
been  identified  with  European  species.  Hence  tbe  former  existence, 
at  the  remote  period  under  consideration  (the  carboaiferous),  of  a 
continent  or  chain  of  islands  where  the  Atlantic  now  rolb  its  waves 
seems  a  fair  inference.  Nor  are  there  wanting  other  and  indepen- 
dent proofs  of  such  an  ancient  land  situated  to  the  eastward  of  tbe 
present  Atlantic  coast  of  North  America  ;  for  the  geologist  deduces 
the  same  conclusion  from  the  mineral  composition  of  tbe  carbonifer- 
ous and  some  older  groups  of  rocks  as  they  are  developed  on  tbe 
eastern  flanks  of  the  Alleghanies,  contrasted  with  their  character  in 
the  low  country  to  the  westward  of  those  mountains. 

The  annexed  diagram  (fig.  552.)  will  assist  the  reader  in  under- 
standing the  phenomena  now  alluded  to,  although  I  must  guard  him 
agninst  supposing  that  it  is  a  true  section.  A  great  number  of 
details  have  of  necessity  been  omitted,  and  tbe  scale  of  heights  and 
horizontal  distances  are  unavoidably  falsified. 

Starting  from  the  shores  of  the  Atlantic,  on  the  eastern  side  of 
the  Continent,  we  first  come  to  a  low  region  (a.  b),  which  was  called 
the  alluvial  plain  by  the  first  geographers.  It  is  occupied  by  tertiary 
and  cretaceous  strata,  before  described  (pp.  240.  306.  and  335.), 
which  are  nearly  horizontal.  The  nest  belt,  from  B  to  c,  consists  of 
granitic  rocks  (hypogene),  chiefly  gneiss  and  mica-schist,  covered 
occasionally  with  unconformable  red  sandstone,  No,  4.  (New  Bed  or 
Trias?),  remarkable  for  its  footprints  (seep.  452.).  Sometimes,  also, 
this  sandstone  rests  on  the  edges  of  the  disturbed  paleozoic  rocks  (as 
seen  in  the  section).  The  region  (b  c),  sometimes  called  the  "  Atlan- 
tic Slope,"  corresponds  nearly  in  average  width  with  the  low  and  flat 
pltun  (a  b),  and  is  characterized  by  hills  of  moderate  height,  con- 
trasting strongly,  in  their  rounded  shape  and  altitude,  with  the  long. 
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steep,  and  loHy  parallel  ridges  of  the  All^hanj  monntainB.  The 
ODt-crop  of  the  strata  in  these  ri<^es,  like  the  two  belts  of  h7p<%ene 
and  newer  rocks  (a  b,  and  b  c),  above  alluded  to,  when  Iiud  down 
on  a  geological  map,  exhibit  long  atripOB  of  different  coloars,  ran- 
ning  in  a  N.E.  and  S.W.  direction,  in  the  same  waf  as  the  lias, 
chtdlc,  and  other  secondary  formations  in  the  middle  and  eastern  half 
of  England. 

The  narrow  and  parallel  tones  of  the  App^achians,  here  men- 
tioned, consist  of  strata,  folded  into  a  saccession  of  coavex  and  con- 
cave floznres,  subsequently  laid  open  by  denudation.  The  compo- 
nent rocks  are  of  great  thickness,  all  referable  to  the  SUnrian, 
Devonian,  and  Carboniferons  formations.  There  is  no  principal  or 
central  axis,  as  in  the  Pyrenees  and  many  other  chains — no  nucleus 
to  which  all  the  minor  ridges  conform;  bnt  the  chain  consists  of 
many  nearly  equal  and  parallel  foldings,  having  what  is  termed  an 
anticlinal  and  synclinal  arrangement  (see  above,  p.  46.).  This  sys- 
tem of  hills  extends,  geologically  considered,  from  Vermont  to  Ala- 
bama, being  mors  than  lOOO  miles  long,  from  50  to  150  miles  broad, 
and  varying  in  height  from  2000  to  6000  feet.  Sometimes  the  whole 
assemblage  of  ridges  rans  perfectly  straight  for  a  distance  of  more 
than  SO  miles,  after  which  all  of  tiiem  wheel  round  altogether,  and 
take  a  new  direction,  at  an  angle  of  20  or  30  degrees  to  the  Rrst. 

We  are  indebted  to  the  state  snrveyors  of  Virginia  and  Pennsyl- 
vania, Prof.  W.  B.  Rogers  and  his  brother  Prof.  H.  D.  Kogers,  for 
the  important  discovery  of  a  cine  to  the  general  law  of  structure 
prevailing  throaghoat  this  range  of  moantains,  which,  however  sim- 
ple it  may  appear  when  once  made  ont  and  clearly  explained,  might 
long  have  been  overlooked,  amidst  so  great  a  mass  of  complicated 
details.  It  appears  that  tfie  bending  and  fracture  of  the  beds  is 
greateat  on  the  south-eastern  or  Atlantic  side  of  the  chain,  and  the 
strata  become  less  and  less  disturbed  as  we  go  westward,  until  at 
length  they  regun  their  original  or  horisontal  position.  By  refer- 
ence to  the  section  (flg,  552.),  it  will  be  seen  that  on  the  eastern  side, 
or  in  the  rtdgea  and  tronghs  nearest  the  Adantic,  south-eastern  dips 
predominate,  in  consequence  of  the  beds  having  been  folded  back 
upon  themselves,  as  in  i^  those  on  the  north-western  side  of  each 
arch  having  been  inverted.  The  next  set  of  arches  (such  as  k)  are 
more  open,  each  having  its  western  side  steepest;  the  next  (J)  open 
out  still  more  widely,  the  next  (nt)  still  more,  and  this  continues 
nndl  we  arrive  at  &e  low  and  level  part  of  the  Appalachian  coal- 
field (d  1). 

In  nature  or  in  a  true  section,  the  number  of  bendings  or  parallel 
foUs  is  so  mnch  greater  that  they  could  not  be  expressed  in  a  dia- 
gram without  confosion.  It  is  also  clear  that  lai^  quantities  of 
rock  have  been  removed  by  aqueous  action  or  denudation,  as  will 
appear  if  we  attempt  to  complete  all  the  curves  in  the  manner  indi- 
cated by  the  dotted  lines  at  t  and  k. 

The  movements  which  imparted  bo  uniform  an  order  of  amnge- 
ment  to  this  vast  ^>tem  of  rocks  must  have  been,  if  not  cmitempo- 
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raneoua.  at  least  parts  of  one  and  the  same  Beriea,  depending  on  Bome 
common  cause.  Their  geoli^cal  date  ie  weU  defined,  at  least  within 
certain  limits,  for  thej  mnst  have  taken  place  after  the  deposition  of 
the  carboniferous  strata  (No.  5.),  and  before  the  formation  of  the  red 
sandstone  (No.  4.),  The  greatest  distnrbing  and  denuding  forces 
have  evidentlj  been  exerted  on  the  aoutb-eastem  side  of  the  chain; 
and  it  is  here  that  igneous  or  plutonic  rocks  are  observed  to  have 
invaded  the  strata,  forming  djkes,  not  expressed  in  the  section,  somfl 
of  which  run  for  miles  in  lines  parallel  to  the  mun  direction  of  the 
Appalachians,  or  N.N.E.  and  S.S.W. 

The  thickness  of  the  carboniferous  rocks  in  the  region  c  is  ver^ 
great,  and  diminishes  rapidly  as  ne  proceed  to  the  westward.  The 
Burveya  of  FennsyWania  and  Virginia  show  that  the  south-east  was 
the  quarter  whence  the  coarser  materials  of  these  strata  were  derived, 
so  that  tlie  ancient  land  lay  in  that  direction.  The  conglomerate 
which  forms  the  general  base  of  the  coal-measures  is  1500  feet  thick 
in  the  Sharp  Mountain,  where  I  saw  it  (at  c)  near  Fottsville ;  whereas 
it  has  only  a  thickness  of  500  fee^  about  thirty  miles  to  the  north- 
west, and  dwindles  gradually  away  when  followed  still  farther  in  the 
same  direction,  until  its  thickness  is  reduced  to  30  feet'  The  lime- 
stones,  on  the  other  hand,  of  the  coal-measures  augment  as  we  trace 
them  westward.  Similar  observations  have  been  made  in  r^ard  to 
^e  Silurian  and  Devonian  formations  in  New  York ;  the  sandstones 
and  all  the  mechanically-formed  rocks  thinning  out  ai  they  go  west- 
ward, and  the  limestones  thickening,  as  it  were,  at  their  expense.  It 
is,  therefore,  clear  that  the  ancient  land  was  to  the  easl^  where  the 
Atlantic  now  is ;  the  deep  sea,  with  its  banks  of  coral  and  shells  to 
the  west,  or  where  the  hydrographical  basin  of  the  Misussippi  is 
now  situated. 

In  that  region,  near  Fottsville,  where  the  thickness  of  the  coal- 
measures  is  greatest,  there  are  thirteen  seams  of  anthracitic  coal, 
several  of  them  more  than  2  yards  thick.  Some  of  the  lowest  of 
these  alternate  with  beds  of  white  grit  and  conglomerate  of  coarser 
grain  than  I  ever  saw  elsewhere,  associated  with  pure  coaL  The  peb- 
bles of  quartz  are  often  of  the  size  of  a  hen's  egg.  On  following  these 
pudding-stones  and  grits  for  several  miles  from  FottsviUe,  by  Tama- 
qua,  to  the  Lehigh  Summit  Mine,  in  company  with  Mr.  H.  D. 
Rogers,  in  1841,  be  pointed  out  to  me  that  the  coarse-grained  strata 
and  their  accompanying  sliales  gradually  thin  out,  until  seven  seams 
of  coal,  at  first  widely  separated,  are  broaght  nearer  and  nearer 
togetlier,  until  they  successively  unite ;  so  that  at  last  they  form 
one  mass,  between  40  and  50  feet  thick.  I  saw  this  enormous  bed  of 
anthracitic  coal  quarried  in  the  open  air  at  Mauch  Chunk  (or  the 
Bear  Mountain),  the  overlying  sandstone,  40  feet  thick,  having  been 
removed  bodily  from  the  top  of  the  hill,  which,  to  use  the  miner's 
expression,  had  been  "scalped."  The  accumulation  of  vegetable 
matter  now  constituting  this  vast  bed  of  anthracite,  may  perh^is, 

*  H.  D.  Bogen,  Trans.  Assoc  Amer.  Oeol,  1S40-43,  p.  410. 
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before  it  was  condenged  hj  pressure  and  the  discharge  of  its 
hydrogen,  oxygen,  and  other  volatile  ingredients,  have  been  between 
200  and  300  feet  thick.  The  origin  of  such  a  vaat  thicknees  of 
vegetable  remains,  eo  unmixed  with  earthy  ingredients,  can,  I  think, 
be  accounted  for  in  no  Other  way,  than  by  the  growth,  during  thou- 
sands of  years,  of  treea  and  ferns,  in  the  manner  of  peat, a  theory 

which  the  presence  of  the  Stigmaria  in  titu  under  each  of  the  seven 
layers  of  anthracite,  fully  bears  out.  The  rival  hypothesis,  of  the* 
drifting  of  plants  into  a  sea  or  estuary,  leaves  the  absence  of  sedi- 
ment, or,  in  this  case,  of  clay,  sand,  and  pebbles,  wholly  unexplained. 
But  the  student  will  naturaUy  ask,  what  can  have  caused  so  many 
seams  of  coal,  after  they  had  been  persistent  for  miles,  to  come  to- 
gether and  blend  into  one  single  seam,  and  that  one  equal  in  the 
aggregate  to  the  thickness  of  the  several  separate  seams?  Often  had 
the  same  question  been  put  by  English  miners  before  a  satisfactory 
answer  was  given  to  it  by  the  late  Mr.  Bowman.  The  following  is 
hia  solution  of  the  problem.     Let  a  a',  fig,  553.,  be  a  mass  of  vege- 


.T.»^ 


d  matter,  capable,  when  condensed,  of  forming  a  3-foot  seam  of 
coal.  It  rests  on  the  underclay  b  b',  filled  with  roots  of  trees  in  titu, 
and  it  supports  a  growing  forest  (c  d).  Suppose  that  part  of  the 
same  forest  d  e  had  become  submerged  by  the  gronnd  sinking  down 
25  feet,  ao  that  the  trees  have  been  partly  thrown  down  and  partly 
remain  erect  in  water,  slowly  decaying,  their  stumps  and  the  lower 
parts  of  their  trunks  being  enveloped  in  layers  of  sand  and  mnd, 
which  are  gradually  filling  up  the  lake  d  f.  When  this  lake  or 
lagoon  has  at  length  been  entirely  silted  up  and  converted  into  land, 
say,  in  the  course  of  a  century,  the  forest  C  d  will  extend  once  more 
eontinuonsly  over  the  whole  area  C  f,  as  in  fig.  554.,  and  another  mass 
of  vegetable  matter  {g^\  forming  3  feet  more  of  coal,  may  accu- 
mulate from  c  to  F.  We  then  find  in  the  region  f,  two  seams  of 
coal  (a'  and  g')  each  3  feet  thick,  and  separated  by  25  feet  of  sand- 
stone and  shale,  with  erect  trees  based  upon  the  lower  coal,  while, 
between  D  and  c,  we  find  these  two  seams  united  into  a  2-yard  coaL 
It  may  be  objected  that  the  uuinterrupted  growth  of  plants  during 
the  interval  of  a  century  will  have  caused  the  vegetable  matter  in 
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the  region  c  d  to  be  thicker  than  the  two  distinct  seams  a'  and  ^  at 
F  ;  and  no  doubt  there  would  actually  be  a  alight  excess  re^Hvaenting 
one  generation  of  trees  with  the  remaiDB  of  other  plants,  fturuing 
half  an  inch  or  an  inch  of  coal;  but  this  would  not  prevent  the 
miner  from  affirming  that  tbe  seam  ag,  throughout  the  area  c  d, 
was  equal  to  the  two  seams  a'  and  ^  at  t. 

Tbe  reader  has  seen,  bj  refereoce  to  the  section  (fig.  552.  p. 
494.),  that  tbe  strata  of  the  Appalachian  coal-field  assume  an 
horizontal  position  west  of  tho  mountains.  In  that  less  elevated 
country,  the  coal-meaaures  are  intersected  by  three  great  navigable 
rivers,  and  are  capable  of  furnishing  for  ages,  to  the  inhabitants  of  a 
densely  peopled  region,  an  inexhaustible  supply  of  fueL  These 
rivers  are  the  Monongabela,  tbe  Alleghany,  and  the  Ohio,  all  of 
which  lay  open  on  their  banks  tbe  level  seams  of  coaL  Looking 
down  tbe  first  of  these  at  Brownsville^  we  have  a  fine  view  of  tbe 
main  seam  of  bituminous  coal  10  feet  thick,  commonly  called  the 
Pittsburg  seam,  breaking  out  in  the  steep  cliff  at  the  water's  edge ; 
and  I  made  the  accompanying  sketch  of  its  appearance  from  tbe 
bridge  over  the  river  ^see  fig.  555.).  Here  the  ccwl,  10  feet  thick,  is 
covered  by  carbonaceous  shale  (&),  and  this  agun  by  micaceous  sand- 
atone  (c).  Horizontal  galleries  may  be  driven  everywhere  at  very 
slight  expense,  and  so  worked  ss  to  drain  themselves,  while  the  cars, 
laden  with  coal  and  attached  to  each  other,  glide  down  on  a  railway, 
so  as  to  deliver  their  burden  into  barges  moored  to  tbe  river's  bank. 
The  same  seam  is  seen  at  a  distance,  on  tbe  right  bank  (at  aX  and 
may  be  followed  the  whole  way  to  Pittsburg,  fifty  miles  distant  Aj 
it  is  nearly  horizontal,  while  the  river  descends  it  crops  out  at  a  con- 
tinually increasing,  but  never  at  an  inconvenient  height  above  the 
Monongahelb  Below  the  great  bed  of  coal  at  Brownsville  is  a  fire- 
clay 18  inches  thick,  and  b^ow  this,  several  beds  of  limestone,  below 
which  again  are  other  coal  seams.  I  have  also  shovm  in  my  sketeh 
another  layer  of  workable  coal  (at  if  if),  which  breaks  out  on  the 
slope  of  tbe  bills  at  a  greater  height.  Here  almost  every  proprietor 
can  open  a  coal-pit  on  his  own  land,  and  the  stratification  being  very 
regular,  be  may  calculate  with  precision  the  depth  at  which  coal  may 
be  won. 

The  Appalachian  coal-field,  of  which  these  strata  form  a  part 
(_from  c  to  E,  section,  fig.  552.  p.  494.),  is  remarkable  for  its  vast 
area  ;  for,  according  to  Professor  H.  D.  Rogers,  it  stretches  continu- 
ously from  N.K  to  S.W.,  for  a  distance  of  720  miles,  its  greatest 
width  being  about  180  miles.  On  a  moderate  estimate,  its  superfici^ 
area  amounts  to  63,000  square  miles. 

This  coal' formation,  before  its  original  limits  were  reduced  by 
denudation,  must  hare  measured  900  miles  in  length,  and  in  some 
places  more  than  200  miles  in  breadth.  By  ^ain  referring  to  the 
section  (fig.  552.  p.  494),  it  will  be  seen  that  the  strata  of  coal  are 
horizontal  to  tbe  westward  of  the  mountuns  in  the  region  d  e,  and 
become  more  and  more  inclined  and  folded  as  we  proceed  eastward. 
Now  it  is  invariably  found,  as  Professor  H.  D.  Rogers  has  shown  by 
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chemical  onalysia,  that  the  coal  is  moat  bituminous  towards  its 
we3l«m  limit,  where  it  remains  level  and  unbroken,  and  that  it 
becomes  progressively  debituminized  as  ire  travel  south-eastward 
towards  the  more  bent  and  distorted  rocks.  Thus,  on  the  Ohio,  the 
proportion  of  hydrogen,  oxygen,  and  other  volatile  matters  ranges 
from  forty  to  fifty  per  cent    Eastwsrd  of  this  line,  on  the  Mononga< 
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helo,  it  still  approftchei  forty  p«r  cent,  where  the  atratii  begin  to  ex- 
perience some  gentle  flexures.  On  entering  the  Alleghany  Moun- 
tains, where  the  distinct  anticlinal  axes  begin  to  show  themselves 
but  before  the  dislocations  are  considerable,  the  volatile  matter  is 
generally  in  the  proportion  of  eighteen  or  twenty  per  cent  At 
length,  when  we  arrive  at  some  insulated  coal-fields  (5',  fig.  5s2.)  as- 
sociated with  the  boldest  flexures  of  the  Appalachian  chuo,  where 
the  strata  have  been  actually  turned  over,  as  near  Pottaville,  we 
find  the  coal  to  contain  only  from  six  to  twelve  per  cent  of  bitumen, 
thus  becoming  a  genuine  anthracite.* 

It  appears  from  the  researches  of  Liebig  and  other  eminent 
chemists,  that  when  wood  end  vegetable  matter  are  buried  in  the 
earth  exposed  to  moisture,  and  partially  or  entirely  excluded  from 
the  ajr,  they  decompose  slowly  and  evolve  carbonic  acid  gas,  thus 
parting  with  a  portion  of  their  original  oxygen.  By  this  means, 
they  become  gradually  converted  into  lignite  or  wood-coal,  which 
contuns  a  larger  proportion  of  hydrogen  than  wood  does.  A  coo- 
tinnance  of  decomposition  changes  this  lignite  into  common  or  bitu- 
minous coal,  chiefly  by  the  discharge  of  carburetted  hydrogen,  or  the 
gas  by  which  we  illuminate  our  streets  and  houses.  According  to 
BischoS^,  the  inflammable  gases  which  are  always  escaping  &om 
mineral  coal,  and  are  so  often  the  cause  of  fatal  accidents  in  mines, 
always  contain  carbonic  acid,  carburetted  hydrogen,  nitrogen,  and 
olifiant  gas.  The  disengagement  of  all  these  gradually  ttiinsforms 
ordinary  or  bituminous  coal  into  anthracite,  to  which  the  variona 
names  of  splint-coal,  glance-coal,  hard-coal,  culm,  and  many  others 
have  been  given. 

We  have  seen  that  it>  t^e  Appalachian  coal-field,  tliere  is  an 
intimate  connection  between  the  extent  to  which  the  coal  has  parted 
with  its  gaseous  contents,  and  the  amount  of  disturbance  which  the 
strata  have  undergone.  The  coincidence  of  these  phenomena  may 
be  attributed  partly  to  the  greater  facility  afibrded  for  the  escape  o( 
volatile  matter,  where  the  fracturing  of  the  rocks  bad  produced  an 
infinite  number  of  cracks  and  crevices,  and  also  to  the  heat  of  the 
gases  and  water  penetrating  these  cracks,  when  the  great  movementa 
took  place,  which  have  rent  and  folded  the  Appalachian  strata.  It 
is  well  known  that,  at  the  present  period,  thermal  waters  and  hot 
vapours  burst  out  from  the  earth  during  earthquakes,  and  these 
would  not  fail  to  promote  the  disengagement  of  volatile  matter  from 
the  carboniferous  rocks. 

Continuity  of  teams  of  coal. — As  single  seams  of  coal  are  con- 
tinuous over  very  wide  areas,  it  has  been  asked,  how  forests  could 
have  prevailed  uninterruptedly  over  such  wide  spaces.  In  reply,  it 
may  be  said  that  swamp-forests  in  one  delta  may  extend  for  25,  50, 
or  100  miles,  while  in  a  contiguous  delta,  as  on  the  borders  of  the 
Gulf  of  Mexico,  another  of  precisely  the  same  character  outj  be 
growing ;  and  these  may  in  after  ages  appear  to  geologists  to  have 

■  Trans,  of  Anoc  of  Amer.  GieoL,  p-  470. 


iX.oogIc 


Cb.  XXT.]  CUU4T&  OF  COAL  PERIOD.  £01 

been  continuouB,  although  in  fact  they  were  simply  contemporaoGOus. 
Denudation  may  easily  be  imagined  ia  such  cases  as  the  cause  of  in- 
terruptions, which  were  in  fact^  original  But  as  in  all  the  American 
coal-fields  there  are  numerous  root-beds  withont  any  superincumbent 
coal,  we  may  presume  that  frequently  layers  of  vegetable  matter 
were  removed  by  floods  ;  and  in  other  cases,  where  the  stigmaria-clays 
are  for  a  certain  space  covered  with  coal,  and  then  prolonged  wiUi- 
out  any  such  covering,  the  inference  of  partial  denudation  is  still 
more  obvious. 

In  the  Forest  of  Dean,  in  Gloucestershire,  ancient  river-channels  are 
fbnnd,  which  pass  throagh  beds  of  coal,  and  in  %hich  rounded  pebbles 
of  coal  occur.  They  are  of  older  date  than  the  overlying  and  undis- 
turbed  coal-measures.  The  late  Mr.  Buddie,  who  described  them  to 
me,  told  me  he  had  seen  similar  phenomena  in  the  Newcastle  coal-field. 
Ifevertheless,  instances  of  these  channels  are  much  more  rare  than 
we  might  have  anticipated,  especially  when  we  remember  how  often 
the  roots  of  trees  {Stigmaria)  have  been  torn  up,  and  drifted  in 
broken  figments  into  the  grits  and  sandstones.  The  prevalence  of 
a  downward  movement  is,  no  doubt^  the  principal  cause  which  has 
saved  so  many  extensive  seams  of  coal  from  destruction  by  fluviatile 
action. 

Climate  of  Coal  Period.  —  So  long  as  the  botanist  taught  that  a 
tropical  climate  was  implied  by  the  carboniferous  flora,  geologists 
might  well  be  at  a  loss  to  reconcile  the  preservation  of  so  much  vege- 
table matter  with  a  high  temperature ;  for  heat  hastens  the  decompo- 
mtion  of  fallen  leaves  and  trunks  of  trees,  whether  in  the  atmosphere 
or  in  water.  It  is  well  known  that  peat,  so  abundant  in  the  bogs  of 
high  latitudes,  ceases  to  grow  in  the  swamps  of  warmer  regions. 
It  seams,  however,  to  have  become  a  more  and  more  recdved  opinion, 
that  the  coal-plants  do  not,  on  the  whole,  indicate  a  climate  resem- 
bling that  now  enjoyed  in  the  equatorial  zone.  Tree-feme  range  as 
far  south  as  the  southern  part  of  New  Zealand,  and  Araucarian  pines 
occur  in  Norfolk  Island  and  Chili.  A  great  predominance  of  ferns 
and  lycopodiums  indicates  moisture,  equability  of  temperature,  and 
freedom  from  frost,  rather  than  intense  heat ;  and  we  know  too  little 
of  the  sigillarite,  calamites,  asterophyllites,  and  other  peculiar  forms 
of  the  Carboniferous  period,  to  be  able  to  speculate  with  confidence 
on  the  kind  of  climate  they  may  have  required. 

The  same  may  be  said  of  the  corals  and  cephalopoda  of  the 
Mountfun  Limestone, — they  belong  to  families  of  whose  climatal 
habits  we  know  nothing ;  and  even  if  they  should  be  thought  to 
imply  that  a  warm  temperature  characterized  the  northern  seas  in 
tbe  carboniferous  era,  the  absence  of  cold  may  have  given  rise  (as  at 
present  in  the  seas  of  the  Bermudas,  under  the  influence  of  the 
guir-stream)  to  a  very  wide  goographical  range  of  stone-building 
corals  and  shell-bearing  cuttle-fisfa,  without  its  bdng  necessary  to 
eaM  in  the  aid  of  tropical  heat 
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CARBosiFERoire  keptiles. 
Where  we  have  evidence  in  a  single  coal-field,  as  in  that  of  Nora 
Scotia,  or  of  South  Wales,  of  fifV^  or  even  a  hundred  ancient  foreate 
buried  one  above  the  other,  with  the  roots  of  trees  still  in  their 
original  position,  and  with  some  of  the  tmnks  etiU  renuuning  eT«ct, 
we  are  apt  to  wonder  that  nntil  the  year  1844  noremtuns  of  contem- 
poraneous air-breathing  creatures  should  have  been  discovered.  No 
vertebraled  animals  more  highly  organized  than  fish,  no  mammalia 
or  birds,  no  saurians,  frogs,  tortoises,  or  snakes  were  known  in  rocks 
uf  such  high  antiquity.  In  the  coal-fields  of  Europe  mention  has 
been  made  of  beetles,  locusts,  and  a  few  other  insects,  but  no  land- 
shells  have  even  now  been  met  with.  Agassis  described  in  his  great 
work  on  fossil  fishes  more  than  one  hundred  and  fiflj  species  of  ich- 
thyolitee  from  the  coal-strata,  ninety-fonr  belonging  to  the  families  of 
shark  and  ray,  and  fifty-eight  to  the  class  of  ganoids.  Some  of  these 
tish  are  very  remote  in  their  organization  from  any  now  living,  espe- 
cially those  of  the  family  called  Sauroid  by  Agassiz  ;  as  Mtgalich- 
tkyt,  Holopbfchitu,  and  others,  which  were  often  of  great  size,  and  all 
prcdaceous.  Their  osteology,  says  M.  Agassis,  reminds  us  in  many 
respects  of  the  skeletons  of  saurian  reptiles, 
*'  both  by  the  close  sutures  of  the  bones  of  the 

skull,  their  large  conical  teeth  striated  longitu- 
dinally (see  fig.  556.),  the  articulations  of  the 
spinous  processes  with  the  vertebrts,  and  other 
characters.  Yet  they  do  sot  form  a  family  in- 
termediate between  fish  and  reptiles,  but  are 
true  j£tA,  though  doubtless  more  highly  or- 
ganized than  any  living  fish.* 

The  annexed  figure  represents  a  large  tooth 
of  the  Holoptychiut,  found  by  Mr.  Momer  in  the 
Cannel  coal  of  Fifeefaire.    This  fish  probably  in- 
habited an  estuary,  like  many  of  its  contempo- 
raries, and  frequented  both  rivers  and  the  sea. 
At  length,  in  1844,  the  first  skeleton  of  a  true 
jTuhiKBi  >fiii  HMtm,  A>  reptile  was  announced  from  tho  cobI  of  Munster- 
^mi!'''n«mT'.*i         Appel  in  Rhenish  Bavaria,  by  H.  von  Meyer, 
under    the   name    of   Apaieon  pedettrit,   the 
animal  being  supposed  to  1>6  nearly  related  to  the  salamanders.    Three 
years  later,  in  1847,  Prof,  von  Dechen   found  in  the  coal-field  of 
Saarbriick,  at  the  village  of  Lebach,  between  Strasburg  and  Treves, 
the  skeletons  of  no  less  than  three  distinct  species  of  lur-breath- 
ing    reptiles,   which   were  described  by  the    late  Prof,    Goldfuss 
under  the  generic  name  of  Archegoaaurui.     The  ichthyolites  and 
plants  found  in  the  same  strata  left  no  doubt  that  these  remains 
belonged  to  the  Ime  coal  period.     The  skulls,  teeth,  and  the  greater 
portions  of  the  skeleton,  nay,  even  a  large  part  of  the  skin,  of  two 

*  At'uanz,  Poiu.  Fou.  toL  iL  p.  88,  &g. 
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''''■  "^^  of  these  reptiles  have  been 

faithfnUy  preserved  in  the 
centre  of  spheroidal  con* 
cretions  of  clay-iron-sb)o& 
The  largest  of  these  lizards, 
ArchegotauTut  Dechgni, 
must  have  been  3  feet  6 
inches  long.  The  annexed 
drawing  represente  the 
skull  and  neck  bones  of 
the  smallest  of  the  three, 
of  the  natural  size.  They 
i  were  considered  by  Gold- 

fuss  as  saurians,    but   by 
Hennan  Ton  Meyer  as  most 
nearly  allied  to  the  Laby- 
rintkodtm  before  mention- 
ed (p. 443.),  and  therefore, 
ns  having  many  characters 
intermediate   between   ba- 
tracbians     and     saurian  s. 
The  remains  of  the  extre- 
mities leave  no  doubt  that 
they     were     quadrupeds, 
"  provided,"      says      Von 
^rc*iiM«rMwto«|.CDidfui.^M.i]r»iiui«fKni     Meyer,  "with  hands  and 
feet  terminating  in  distinct 
toes ;  but  these  limbs  were  weak,  serving  only  for   swimming  or 
creeping."     The  suae  anatomist  has  pointed  out  certain  points  of 
analogy   between  their    bones   and 
Fig.  JM.      _  those  of  the  Froletu  anguinus ;  and 

Prof.  Owen  has  observed  that  they 
make  an  approach  to  the  Proteus  in 
the  shortness  of  their  ribs.  Two 
specimens  of  these  ancient  reptilee 
•"""'n^^^i^™""  '  retain   a  large   part    of    the  outer 

skin,  which  consisted  of  long,  nar. 
row  wedge-shaped,  tile-like,  and  horny  scales,  arranged  in  rows 
(see  fig.  538.). 

Cheirotherian  footprintt  in  coal-meamret,  United  States.  —  In 
1844,  the  very  year  when  the  Apateon  or  Salamander  of  the  coal 
was  first  met  with  in  the  country  between  the  Moselle  and  the 
Rhine,  Dr.  King  published  an  account  of  the  footprints  of  a  lai^e 
reptile  discovered  by  him  in  North  AmericL  These  occur  in  the 
coal-strata  of  Greensburg,  in  Westmoreland  County,  Pennsylvania ; 
and  I  had  an  opportunity  of  examining  them  in  1846.  Iwasatonce 
convinced  of  their  genuineness,  and  declared  my  conviction  on  that 
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point,  on  whicli  doubts  had  been  entertainod  both  in  Europe  and  the 
United  States.  The  footmarks  were  first  observed  standing  out  in 
relief  from  the  lower  surface  of  slabs  of  sandstone,  resting  on  thin 
layers  of  fine  unctuous  claj.  I  brought  awaj  one  of  these  masses, 
which  is  represented  in  the  accompany  drawing  (fig.  559.).     It  di»- 


plays,  together  with  footprints,  the  casts  of  cracks  (n,  a^  of  varioos 
sizes.  The  origin  of  such  cracks  in  clay,  and  casta  of  the  same,  has 
before  been  explained,  and  referred  to  the  drying  and  shrinking  of 
mud,  and  the  subsequent  pouring  of  sand  into  open  crevice&.  It  will 
be  seen  that  some  of  the  cracks,  as  at  b,  e,  traverse  the  footprints, 
an  produce  distortion  in  them,  as  might  have  been  expected,  for  the 
mud  must  have  been  soft  when  the  animal  walked  over  it  and  left 
the  impressions  ;  whereas,  when  it  afterwards  dried  up  and  shrank, 
it  would  be  too  hard  to  receive  such  indentations. 

No  loss  than  twenty-three  footsteps  were  observed  by  Dr.  King  in 
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the  same  quairy  before  it  wss  abandoned,  the  greater  part  of  them 
so  arranged  (see  fig.  560.)  on  the  surface  of  one  etratum  as  to  imply 


that  they  were  made  anccBBHively  by  the  Bame  animal.  Everywheret 
there  was  a  double  row  of  tracks,  and  in  each  row  they  occur  in 
pairs,  each  pair  consisting  of  a  hind  and  fore  foot,  and  each  being  at 
nearly  equal  distances  from  the  next  pur.  In  each  parallel  row  the 
toes  turn  the  one  set  to  the  right,  the  other  to  the  left.  In  the 
European  Cheirotherium,  before  mentioned  (p.  441.),  both  the  hind 
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and  the  fore  feet  have  each  five  toes,  and  the  size  of  the  hind  foot  is 
about  five  timea  &a  large  as  the  fore  foot  In  the  American  fossil 
the  posterior  footprint  is  not  even  twice  as  large  as  the  anterior, 
and  the  number  of  toes  is  unequal,  being  five  in  the  hinder  and  four 
in  the  anterior  foot.  In  this,  as  in  the  European  Ckeirothtrium,  one 
toe  stands  out  like  a  thumb,  and  these  thumVlike  toes  turn  the  ono 
set  to  the  right,  and  the  other  to  the  left  Tlio  American  Chexra- 
therium  was  evidently  a  broader  animal,  and  belonged  to  a  distinct 
genus  &om  that  of  the  triaasic  age  in  Europe.' 

We  may  assume  that  the  reptile  which  left  these  prints  on  the 
ancient  sands  of  the  coal-measures  was  an  air-breather,  because  its 
weight  would  not  have  been  sufficient  under  water  to  have  made 
impressions  so  deep  and  distinct.  The  same  conclusion  is  also  borne 
out  by  the  casts  of  the  cracks  above  described,  for  they  show  that 
the  clay  had  been  exposed  to  tlie  ur  and  sun,  so  as  to  have  dried  and 
shrunk. 

The  geological  position  of  the  sandstone  of  Greenaburg  is  perfectly 
clear,  being  situated  in  the  midst  of  the  Appalachian  coal-field, 
having  the  main  bed  of  coal,  called  the  Pittsburg  seam,  above  men- 
tioned (p.  498.),  3  yards  thick,  100  feet  above  it,  and  worked  in  the 
neighbourhood,  with  several  other  seams  of  coal  at  lower  levels. 
The  impressions  of  Lepidodettdron,  SiffiUaria,  SiiffTnaria,  and  other 
characteristic  carboniferous  plants  are  found  both  above  and  below 
the  level  of  the  reptilian  footsteps. 

Analogous  footprints  of  a  large  reptile  of  still  older  date  were 
afterwards  found  (1849)  at  Pottsville,  70  miles  N.E.  of  Philadelphia, 
by  Mr.  Isaac  Lea,  in  a  formation  of  red  shales,  called  No.  XL  by 
Prof.  H.  D.  Rogers,  in  the  State  Survey  of  Pennsylvania,  and  re- 
ferred by  him  to  the  base  of  the  coal,  but  r^;arded  by  some  geolo- 
gists as  the  uppermost  part  of  the  Old  Red  Sandstone.  A  thickness 
of  1700  feet  of  strata  intervenes  between  the  footprints  of  Greens- 
burg,  before  described,  and  these  older  Pottsville  impresraons.  In 
the  same  Red  Shale,  "So.  XL,  the  "  debateable  ground  "  between 
the  Carboniferous  and  Devonian  group,  Prof.  H.  D.  Rogers  an- 
nounced in  1851  that  be  had  discovered  other  footprints,  referred 
by  him  to  three  species  of  quadrupeds,  all  of  them  five-toed  and  in 
double  rows,  with  an  opposite  symmetry,  as  if  made  by  right  and 
left  feet,  while  they  likewise  display  the  alternation  of  fore  foot  and 
hind  foot  One  species,  the  largest  of  the  three,  presents  a  diame(«r 
for  each  footprint  of  about  two  inches,  and  shows  the  fore  and  hind 
feet  to  be  nearly  equal  in  dimensions.  It  exhibits  a  length  of  sbride 
of  about  nine  inches,  and  a  breadth  between  the  right  and  left  foot- 
steps of  nearly  four  inches.  Tlie  impressions  of  the  hind  feet  are  bnl 
litde  in  the  leta  of  the  fore  feet  The  animal  which  made  tliem  is 
supposed  to  have  been  allied  to  a  Saurian,  rather  than  to  a  Bstnt- 
chian  or  Chelonian.  With  these  footmarks  were  seen  Bhiinkag« 
cracks,  such  as  are  caused  by  the  sun's  heat  in  mud,  and  nun-epota, 
with  the  signs  of  the  trickling  of  water  on  a  we^  sandy  beacfa  ;  all 
*  See  Lyell's  Second  TiiU,  ftc,  voL  li  p.  aOB. 
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coDfirming  the  conclusion  derived  from  the  fcKitpriiits,  that  the 
quadrupeds  belonged  to  air-breathers,  and  not  to  aquatic  races. 

In  1S52  the  first  osseous  remains  of  a  reptile  were  obtained  from 
the  coal-measures  of  America  by  Dr.  Dawson  and  myself.  We  de- 
tected them  in  the  interior  of  one  of  the  erect  Sigillariie  before  al- 
luded to  as  of  such  frequent  occurrence  in  Nova  Scotia.  The  tree 
was  about  2  feet  in  diameter,  and  consisted,  as  usual,  of  an  external 
cylinder  of  bark,  converted  into  coal,  and  an  internal  stony  axis  of 
black  sandstone,  or  rather  mud  and  sand  stained  black  by  carbon- 
aceous matter,  and  cemented  together  with  fragments  of  wood  into 
a  rock.  These  fragments  were  in  the  state  of  charcoal,  and  seem  to 
have  fallen  to  the  bottom  of  the  hollow  tree  while  it  was  rotting 
away.  The  skull,  jaws,  and  vertebra  of  a  reptile,  probably  about 
2^  feet  in  length  {Dendrerpeton  Acadianvm,  Owen),  were  scattered 
through  this  stony  matrix.  The  shell,  also,  of  a  Pupa  (see  fig.  561. 
p.  508.x  ^^  ^'^^  land-shell  ever  met  with  in  the  coal  or  in  beds 
older  than  the  tertiary,  was  observed  in  the  same  stony  mass.  Dr. 
Wyman  of  Boston  pronounced  the  reptile  to  be  allied  in  structure 
to  Mettobrattchus  and  Menopoma,  species  of  batrachlans,  now  in- 
habiting the  North  American  rivers.  The  same  view  was  after- 
wards confirmed  by  Professor  Owen,  who  also  pointed  out  the 
resemblance  of  the  cranial  plants  to  those  seen  in  the  skull  of 
Archegotaurtu  and  Labyrinthodon.*  Whether  the  creature  had 
crept  into  the  hollow  tree  while  its  top  was  still  open  to  the  air,  or 
whether  it  was  washed  in  with  mud  daring  a  fiood,  or  in  whatever 
other  manner  it  entered,  must  be  matter  of  conjecture. 

Footprints  of  two  reptiles  of  different  sizes  had  previously  been 
observed  by  Dr.  Harding  and  Dr.  Gesner  on  ripple-marked  flags  of 
the  lower  coal-measures  in  Nova  Scotia,  evidently  made  by  quadru- 
peds walking  on  the  ancient  beach,  or  out  of  the  water,  just  as  Uie 
recent  Menopoma  is  sometimes  observed  to  do. 

The  remains  of  a  second  and  smaller  species  of  Dendrerpeton,  D. 
Oweni,  were  also  found  accompanying  the  larger  one,  aud  still  re- 
taining some  of  its  dermal  appendages  ;  and  in  the  same  tree  were  the 
bones  of  a  third  small  lizard-like  reptile,  Bylonomui  LyelU,  7  inches 
long,  with  stont  hind  limbs,  and  fore  limbs  comparatively  slender,  sup- 
posed by  Dr.  Dawson  tobecapableof  walking  and  running  on  land-f 

In  1854,  Prof.  Owen  described  a  "sauroid  batrachian"  (^Bapheta 
pkmieepM),  of  the  Labyrinlhodon  family,  obtained  by  Dr.  Dawson 
from  the  coal  of  Ficton  in  Nova  Scotia.  In  1859,  another  species  of 
HylonomuB,  twice  as  large  as  that  above  mentioned,  was  met  with ; 
and  another  reptile  of  the  same  family,  but  distinct  genus,  was  ob- 
tuned  by  Dr.  Dawson,  named  by  Owen  HyUrpeton.  Lastly,  in 
1862,  Mr.  Marsh  discovered  in  the  coal-measures  of  the  South 
Joggins  in  Nova  Scotia,  two  large  caudal  biconcave  vertebra, 
supposed  at  first  to  belong  to  an  Enalioior,  and  called  £otauna 
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Acadiantu,  but  which,  Mr.  Huxley  aoggests,  may  probably  be  re- 
ferable to  a  labyrinthodoDt  batrachian. 

ProfesBor  Owen  bad  anDouaced  the  first  finding  of  fossil  reptilian 
remaiua  in  British  coal-measures  in  1853.  They  were  referred  to  a 
new  genus  of  Batrschoids  allied  to  Archegosanrus,  and  called  Para- 
balrachus.  In  1862,  a  large,  new  labyrintbodont  reptile,  Loxonuna, 
from  the  Edinburgh  coal-field,  was  described  by  Prof  Huxley,  to- 
gether with  a  second,  from  the  same  series  of  strata,  of  another  new 
genus,  called  Pholidagatter,  a  Bpecimen  of  which,  containing  the 
head  and  nearly  the  whole  vertebral  column,  measured  44  inches  in 
length.  In  the  same  year  a  third  genus,  denominated  Aitlhracosaurtu, 
was  founded  by  the  same  anatomist  on  a  specimen  detected  by  Mr. 
Russell  in  the  Airdrie  "  black-band  "  ironstone  of  the  Glasgow  coal- 
field. This  labyrinthodont  was  about  7  feet  long,  and  the  skull  15 
inches  in  length  ;  thirty-seven  teeth  were  preserved  in  its  jaws,  and 
its  vertebriB  were  highly  ossified,  so  as  to  resemble  those  of  the 
Ti'iassic  labyrinthodonts  of  the  Mastodonsaurian  type,  whereas 
Pholidt^aster  is  supposed  by  Huxley  to  be  more  allied  to  the 
Archegosaurian  division  of  labyrinthodont  a.*  Thus,  in  nineteen 
years,  the  slieletons  or  bones  of  twelve  or  more  species  of  reptiles 
referred  to  nine  genera  have  been  exhumed  from  the  coal-raeasnres, 
to  say  nothing  of  footprints,  some  of  them,  like  that  represented  at 
fig.  559.,  seeming  to  difier  from  all  those  to  which  any  of  the  known 
bones  can  belong. 

A  single  species  of  land-sbell.  Pupa  vttusta,  Dawson,  see  fig.  561^ 

F((.  Ml. 
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was  mentioned  as  having  been  found,  in  1852,  in  the  interior  of  an 

erect  fossil  Sigillaria  in  Nova  Scotia,  p.  507.     Dr.  Dawson  has  since 

discovered  another  bed  at  a  much  lower  level,  in  which  the  suae 

*  Huxley,  Quart.  Geol.  Jonra,  186S.  ISU 
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Bhell  ia  very  abundant,  a  bed  separated  from  the  tree  containing 
Dendrerpetoa  hy  a  mass  of  strata  1217  feet  thick,  and  comprising 
21  seams  of  coal.  This  lower  bed  is  an  anderclay  7  feet  thick,  with 
stigmarian  rootlets,  and  the  small  land-sbella  occurring  in  it  are  in 
all  stages  of  growth.  They  are  chiefly  confined  to  a  Ujer  about  2 
inches  thick,  and  are  unmixed  with  any  aquatic  shells.  They  were 
all  originally  entire  when  embedded,  but  are  most  of  them  now 
crushed,  flattened,  and  distorted  bj  pressure  ;  they  must  have  been 
accumulated,  says  Dr.  Dawson,  in  mud  deposited  in  a  pond  or  creek.* 
The  late  Prof.  Quekett,  to  whom  I  submitted  the  first  specimen 
found  in  1852  for  microscopical  examination,  obseryed  that  the 
surface  striie,  on  being  magnified  50  diameters,  d,  fig.  561.,  pre- 
sented exactly  the  same  appearance  as  a  portion  corresponding  in 
sbe  of  the  common  English  Pupa  jvmperi  (e,  fig.  561),  and  a  cross- 
section  of  the  fossil  shell  (/,  ibid.)  presents  the  hexagonal  cells  mag- 
nified 500  diameters,  so  like  those  of  the  recent  Fupa  that  a  figure 
of  the  latter  is  tm necessary .f 

In  a  second  specimen  of  an  erect  stnmp  of  a  hollow  tree  15  inches 
in  diameter,  the  ribbed  bark  of  whiiih  showed  that  it  was  a  Rigiltaria, 
and  which  belonged  to  the  same  forest  as  the  specimen  examined  by 
us  in  1852,  Dr,  Dawson  obtained  not  only  fifty  specimens  of  Pupa 
vetuila  nad  nine  skeletons  of  reptiles  belonging  to  four  species,  but 
also  several  examples  of  an  articulated  animal  resembling  the  recent 
centipede  or  galiy-woi-ra,  a  creature  which  feeds  on  decayed  vegetable 
matter,  see  fig.  562.    Under  the  microscope,  the  head,  with  the  eyes. 


mandible,  and  labrnm  are  well  seen.  It  is  interesting,  as  being  the 
earliest  known  representative  of  the  myriapods,  none  of  trbich  had 
previously  been  met  with  in  rocks  older  than  the  oolite  or  litho- 
graphic slate  of  Germany. 

Rarity  of  Vertebrate  and  Invertebrate  Air-breathers  in  Coal. 

Before  the  earliest  date  above  mentioned  (1S44)  it  was  common  to 
hear  geologists  insisting  on  the  non-existence  of  vertebrate  animals 
of  a  higher  grade  than  fishes  in  the  Coal,  or  in  any  rocks  older  than 
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the  Permian.  Even  now,  it  may  be  said,  thiit  we  have  made  very 
little  progress  in  obtaining  a  knowledge  of  the  terrestrial  faana  of 
the  coal,  since  the  reptiles  above  enumerated  seem  to  have  been 
almost  all  amphibious.  Negative  evidence  should  bave  ita  due 
weight  in  palteontological  reasonings  and  Bpeculations,  but  we  are  as 
yet  quite  unable  to  appreciate  its  value.  In  the  United  States,  aboat 
live  millions  of  tons  of  coal  are  annually  extracted  from  the  coal- 
measures,  yet  I  am  acquainted  with  no  fossil  insect  which  has  yet 
been  met  with  in  the  carboniferouB  rocks  of  North  America.  But, 
as  we  have  detected  carboniferous  insects  in  Europe  (see  p.  491 .),  no 
one  would  now  conclude  that  at  the  period  of  the  Coal  this  class  of 
invertebrata  was  unrepresented  in  the  forests  of  the  Western  World. 
In  like  manner,  no  land-shell,  no  Helix,  Bulimua,  Pupa,orCUusilia, 
nor  any  aquatic  pulmoniferous  mollusk,  such  as  Limnea  or  Plaoorbis, 
is  recorded  to  have  come  from  the  coal  of  Europe,  worked  for  cen- 
turies before  America  was  discovered,  and  now  quarried  on  eo 
enormous  a  scale.  But  no  one  would  now  infer  that  land-shells  had 
not  been  called  into  existence  in  European  latitudes  until  after  the 
Carboniferous  period. 

The  theory  of  progressive  development  might  account  planeibly 
for  the  absence  of  Chelonian  and  Saurian  reptiles,  or  of  Birds  and 
Mammals,  from  the  Cool -Measures,  because  it  may  be  supposed  that 
at  so  early  a  Btage  in  the  earth's  history  no  organic  beings  higher 
than  sauroid  batrachians  bad  made  their  appearance.  But  this 
same  tlieory  leaves  the  scarcity  of  the  invertebrata,  or  even  the 
entire  absence  of  many  important  sections  of  them,  wholly  unex- 
plained. When  we  generalize  on  this  subject,  we  must  not  forget 
that,  BO  lately  as  the  year  1851,  we  knew  of  only  two  or  three 
individual  land-sbells  and  some  twenty  specimens  of  insects,  and 
scarcely  double  that  number  of  individual  reptiles  in  carboniferous 
rocks,  and  some  of  these  reptiles  had  been  recognized  by  the  evidence 
of  footprints  only.  We  bave  still  but  one  species  of  land-shell  wad. 
one  centipede.  In  regard  to  Archegosaurus,  of  which  there  are  two 
species,  M.  Herman  von  Meyer  informed  me  some  years  ago  that 
the  remains  of  more  than  228  individuals  passed  through  his  handft 
soon  after  the  true  nature  of  the  first  specimen  was  recognized ; 
and  we  have  seen  what  great  progress  baa  since  been  made  in  bring- 
ing to  light  reptilian  genera  less  aquatic  in  their  organization. 
Nevertheless,  the  rarity  of  air-breathers  is  still  a  very  remarkable 
fuct,  when  we  reflect  that  our  opportunities  of  examining  strata 
formed  in  close  connection  with  ancient  land  exceed  in  this  case  all 
that  we  enjoy  in  regard  to  any  other  formations,  whether  primary, 
secondary,  or  tertiary.  We  have  ransacked  hundreds  of  soils  replete 
with  the  fossil  roots  of  trees — have  dugouthundieds  of  erect  troDlcs 

and  stumps,  which  stood  in  the  position  in  which  they  grew bave 

broken  up  myriads  of  cubic  feet  of  fuel  still  retaining  its  vegetable 
structure — and,  after  all,  we  continue  almost  as  much  in  the  dark 
respecting  the  invertebrate  air-breathers  of  this  epoch,  as,  if  the  Coal 
had  been  thrown  down  in  mid-ocean.     The  early  date  of  the  car- 


I,  L.OO^IC 


Ca.  XXV.]  MOUHTAIN    LIMESTONE.  511 

boniferous  strata  carinot  explain  the  enigma,  because  we  know  that 
while  the  land  supported  a  luxuriant  regetation,  the  contetnporaDeoua 
teas  swarmed  with  life— with  Articulata,  Mollitsca,  Kadiata,  and 
Fishes.  We  must,  therefore,  collect  more  facta,  if  we  expect  to 
solve  a  problem  which,  in  the  present  state  of  science,  cannot  but 
excite  our  wonder ;  and  we  must  remember  how  much  the  conditions 
of  thia  problem  have  varied  within  the  last  twenty  jears.  We  ihust 
be  content  to  impute  the  scantiness  of  our  data  and  our  present 
perplexity  partly  to  our  want  of  diligence  as  collectors,  and  partly 
lo  our  want  of  skill  as  interpreters.  We  must  also  confess  that  our 
ignorance  is  great  of  the  laws  which  govern  the  fossilization  of  land- 
aniraals,  whether  of  high  or  low  degree. 

CARBONn-BBODS   OE  MOOMTAIN  LIMBSTOKE. 

It  has  been  already  stated  (p.  464),  that  this  formation  underlies 
the  Coal-Measures  in  the  South  of  England  and  Wales,  whereas  in 
tite  North  and  in  Scotland  marine  limestones  alternate  with  Conl- 
McHSurea,  or  with  shales  and  sandstones,  sometimes  containing  seams 
of  Coal.  In  its  most  calcareous  form  the  Mountain  Limestone  is 
destitute  of  land-plants,  and  is  loaded  with  marine  remains — the 
greater  part,  indeed,  of  the  rock  being  made  up  bodily  of  corals  and 
crinoids. 

The  Corals  deserve  especial  notice,  as  the  cup  and  star  corals, 
which  have  the  most  massive  and  stony  skeletons,  display  peculiari- 
'  ties  of  structure  by  which  they  may  be  distinguished,  as  MM.  Milne 
Edwards  and  Haime  first  pointed  out,  from  all  species  found  in 
strata  newer  than  the  Permian.  There  is,  in  short,  an  ancient  or 
Palanzoic,  and  a  modern  or  Neozoic  type,  if,  by  the  latter  term,  we 
designate  (as  proposed  by  Prof.  £.  Forbes)  all  strata  from  the 
triassic  to  the  most  modern,  inclusive.  The  accompanying  diagrams 
(tig?.  563,  564.)  may  illustrate  these  types  ;  and,  although  it  may 
not  always  be  easy  for  any  but  a  practised  naturalist  to  recognice 
the  points  of  structure  here  described,  every  geologist  should  under- 
stand them,  as  the  reality  of  the  distinction  U  of  no  small  theoretical 
interest. 

It  will  be  seen  that  the  more  ancient  corals  have  what  is  called  a 
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quadripartite  arrangement  of  the  etonj  plates  or  lameUte — parts  of 
the  skeleton  which  support  the  organs  of  reproduction.  The  number 
of  these  lamella  in  the  palseoEoic  type  ia  4,  8,  16,  8ec.i  while  in  the 
newer  type  the  number  is  always  6,  12,  24,  or  some  other  multiple 
of  six  ;  and  this  holds  good,  whether  they  be  simple  cup-like  forms, 
as  in  figs.  363.  a  and  564.  a,  or  aggregate  clusters  of  cups,  as  in 
564.  c. 

It  is  not  enough,  therefore,  to  say  that  the  primary  or  more  an* 
cient  uorols  are  generically  and  specifically  dissimilar  from  the 
secondary,  tertiary,  and  living  corals,  —  for,  more  tban  this,  all  the 
most  conspicuous  forms,  \\z.,  the  cup  and  star  corals,  belong,  as  be- 
fore  mentioned  (p.  51 1.),  to  a  distinct  order,  although  they  are  often 
80  like  in  outward  form  as  to  have  been  referred  in  many  cases  to 
living  reef-building  genera.  Hence  we  must  not  too  confidently  draw 
conclusions  from  the  modern  to  the  palsoioic  polyps,  respecting  cli- 
mate  and  the  temperature  of  the  waters  of  the  primeval  eeaa,  inas- 
much as  the  two  groups  of  zoophytes  are  constructed  on  essentially 
different  types.  When  the  great  number  of  the  palieoEoic  and 
ueoEoic  species  is  taken  into  accouut,  it  is  truly  wonderful  to  find 
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how  constant  the  rate  above  explained  holds  good  ;  oolj  ooe  excep- 
tion having  aa  ^et  occurred  of  a  quadripartite  coral  in  a  neozoic 
formation  (the  cretaceous),  and  one  only  of  the  sextuple  chus  (a 
Futufia  f)  in  palteozoic  (Silurian)  rocks. 

£^m  a  great  aumlier  of  lamelliferous  corals  met  with  in  the 
Mountain  Limestone,  two  species  have  been  selected,  as  having  a    . 
very  vide  range,  extending  from  the  eastern  borders  of  Russia 
to  the  British  Isles,  and  being  found  almost  everywhere  in  each 
country. 

These  fossils,  together  with  numerous  species  of  Zaphrentit,  Am- 
pUxut,  Cyalhophgllum,  CtiriophyUum,  Syrinffopora,  and  Miehe- 
Unea*,  form  a  gi-oup  widely  different  from  auj  that  preceded  or 
followed  them. 

Of  the  Bryoxoa,  the  prevailing  forms  are  FenetUiUa  and  Polypora, 
and  these  often  form  considerable  beds.  Their  net-like  fronds  are 
easily  recognized. 

Crinoidea  are  also  nnmerotiB  In  the  Mountain  Limestone.  (See 
figs.  567,  568.) 

Flt.M7.  FlK.Kt. 
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In  the  greater  part  of  them,  the  cup  or  pelvis,  flg.  568.  b,  is 
greatly  developed  in  size  in  proportion  to  the  arms,  although  this  is 
not  the  case  in  flg.  567.  The  genera  PbUriocrintu,  Cyalhoerinus, 
PentremUe*,' Antittocrinwt,  and  Platt/erimu  are  all  of  them  charac- 
teristic of  this  formation.  Other  Echinoderms  are  rare^  a  few  Sea- 
Urchins  only  being  known  :  these  have  a  complex  stracture,  with 
many  more  plates  on  their  surface  than  are  seen  in  the  modem 
genera  of  the  same  group.  One  genus,  the  PaUeckinu*  (fig.  569.), 
is  the  analogue  of  the  modem  Echitau.  The  other,  Arelueoeidaru, 
represents,  in  like  manner,  the  Cidarii  of  the  present  seas. 

Of  MolluBca  the  Braehiopoda  (or  PalliobranehiAtes)  constitnte  the 
larger  part,  and  are  not  only  numerous,  but  often  of  large  size. 
Perhaps  the  most  characteristic  shells  of  the  formation  are  large 

*  Fot  flgniw  ot  thwe  corali,  Mt  PabBaatographical  SocietT'i  Mouogrsphi,  1853. 
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Kpeciea  of  Produehu,  such  as  P.  giganteia,  P.  keutitpkariau,  P. 

semireticulatut  (fig.  570.),  »aiP.  tcabricultu.  Large pl&ited  epirifers, 

Fi«.  MB.  Hf .  no. 
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Inlud.  Liniwan*.    Boiludi  Ruultitba 

as  Spirifer  Uriatta,  S,  rotuTidatui,  ud  5.  triffonaUt  (fig.  571.),  also 
nbound ;  and  smooth  species,  such  as  Spiriftr  glaier  (fig.  572.)  with 
its  namerons  Tarieties. 


Tbe  family  of  the  brachiopoda  to  -which  these  sheila  belong,  is 
far  more  numerously  represented  in  these  carboniferous  rocks  than  in 
the  secondary  formatioDs  described  in  former  chapters  ;  individually, 
as  Professor  Eamsay  has  observed",  they  may  outnumber  the  lamel- 
libranchiate  mollusks,  although  the  species  of  carboniferous  lamelli- 
branchiate  more  than  double  the  contemporary  brachiopoda.  The 
increasing  number  of  the  last-mentioned  group  among  the  bivalve 
raollusca,  both  in  genera,  species,  and  individuals,  vrill  be  found  to 
be  a  marked  feature  in  the  fauna  of  tbe  primary  rocks  the  lower  we 
descend  in  the  series. 

Among  the  brachiopoda  or  palliobrancbiale  mollusks,  Terebratula 
hatlata  deserves  mention,  not  only  for  its  wide  range,  but  because  it 
often  retains  the  pattern  of  the  original  coloured  stripes  which 
ornamented  the  living  shell.  (See  fig.  573.)  These  coloured  bands 
are  abo  preserved  in  several  lameltibranchiate  bivalves,  as  in 
Avieulopteten  (fig.  574.),  in  which  dark  stripes  alternate  with  a 
light  ground.  In  some  also  of  the  spiral  univalves,  the  pattern  of 
the  original  painting  is  distinctly  retained,  as  in  PUurotomaria  (fig. 
575.),  which  displays  wavy  blotches,  resembling  the  colooring  in 
many  recent  Troohidsft. 

•  Qcol.  Qoul  Joam.,  p.  41.,  1864. 
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The  mere  fact  tbat  sbelh  of  sacb  high  antiquity  Bhonld  have 
preserved  the  patterns  of  their  colouring  is  strikiog  and  unexpected  ; 
bat  ProfeMor  £.  Forbes  has  dednced  fh>m  it  an  important  geological 
conclusion.  He  infers  that  the  depth  of  the  primeval  seas  in  which 
the  Uonnlain  Limestone  was  formed  did  not  exceed  SO  fathoms. 
To  this  opinion  he  is  led  by  observing  that  in  the  existing  seas  the 
lestacea  which  have  colours  and  well-defined  patterns  rarely  inhabit 
greater  depths  than  50  fathoms  ;  and  the  greater  namber  are  foand 
where  there  is  most  light  in  very  shallow  water,  not  more  than  two 
fathoms  deep.  There  are  even  examples  in  the  British  seas  of  tes- 
taeea  which  are  always  white  or  colourless  when  taken  from  below 
100  fathoms  ;  and  yet  individuals  of  the  same  species,  if  taken  from 
shallower  tones,  are  vividly  striped  or  banded. 

This  informittion,  derived  from  the  colour  of  the  shells,  is  the 
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more  wdcome,  because  the  Radiata,  Articulata,  and  Mollusca  of  the 
Carboniferous  period  belong  almost  entirely  to  genera  do  longer 
found  in  the  living  creation,  and  respecting  the  habits  of  which  we 
can  onl^  hazard  conjectures. 

Some  few  of  the  carboniferous  mollusca,  such  as  Avieula,  NucuUi, 

SoUmya,  and  Lithodomut,  belong  no  doubt  to  existing  genera ;  bat 

the  majority,  though  often  referred  to  living  t^pes,  such  aa  Itoeardia, 

Turritella,  and  Bueeinum,  belong  really  to  forms  which  appear  to 

have  become  extinct  at  the  close  of  the  Falieocoic  epocL     £uom- 

piialug  is  a  chai'acteristic  univalve  shell  of  this   period.     In  the 

interior  it  is  often  divided  into  chambers  (fig.  576.  d),  the  septa  or 

partitions  not  being  perforated  as  in  foraminiferous  shells,  or  in  those 

having  siphuncles,  libe  the  Nautilus.     The  animal  appears  to  have 

retreated  at  different  periods  of  its  growth  from  the  internal  cavity 

previously  formed,  and  to  have  closed  all  com- 

Fi|  SIT.  munication  with  it  by  a  septum.     The  number  of 

chambers  is  irregular,    and  they   are  generally 

wanting  in  the  innermost  whorl.     The  animal  of 

I  the  recent  Turritella  eommunig  partitions  off  in 

'  like  manner  as  it  advances  in  age  a  part  of  its 

spire,  forming  a  shelly  septum. 

Nearly  twenty  species  of  the  genus  BelUro- 
phon  (see  fig.  £77.),  a  shell  without  chambers  like 
Mounuin  LimHionk    the  living  Argonaut,  occur  in  the  Mountain  Lime- 
stone.    The  genus  is  not  met  with  in  strata  of 
later  date.      It  is  most  generally  regarded  as   belongiug   to    the 
Heleropoda,  and  allied  to  the  Glass-Shell,  Carinaria  ;  but  by  some 
few  it  is  thought  to  be  a  simple  form  of  Cephalopod. 

The  carboniferous  Cephalopoda  do  not  depart  so  widely  from  the 
living  type  (the  Nautilus)  as  do  the  more  ancient  Silurian  repre- 
sentatives of  the  same  order  ;  yet  they  offer  some  remarkable  forms 
scarcely  known  in  strata  newer  than  llie  coaL  Among  these  is 
OrlAoeerat,  a  siphuncled  and  chambered  shell,  like  a  JVauft/uf  un- 
coiled and  straightened  (fig.  578.).     Some  species  of  this  genus  are 


ID  ar  OrUucerai  laltmli,  FtatUipi. 


several  feet  long.  The  Goniatile  is  another  genus,  nearly  allied  to 
the  Ammonite,  from  which  it  differs  in  baviog  the  lobes  of  the  septa 
free  from  lateral  denticulntions,  or  crenalures ;  so  that  the  outline  of 
these  is  continuous  and  uninterrupted. 

The  species  represented  in  fig.  579.  is  found  in  almost  all  localities, 
und  presents  the  zigzag  character  of  the  septal  lobes  in  perfection. 

Id  another  species  (fig.  580.),  the  septa  are  but  slightly  waved, 
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and  SO  approach  nearer  to  the  form  of  those  or  the  Nautilus.  The 
dorsal  position  of  the  siphuncle,  however,  clearly  distiDgnisbes  the 
Goniatit«  from  the  Nautilus,  and  proves  it  to  have  belonged  to  the 
family  of  the  Amroonit«a,  from  which,  indeed,  some  authors  do  not 
believe  it  to  be  generically  distinct. 

^ouil  Jith. — The  distribution  of  these  is  singularly  partial  ;  so 
much  so,  that  M.  de  Koninck  of  Liege,  the  eminent  pabeontolt^st, 
once  stated  to  me  that,  in  making  bis  extensive  collection  of  the  fossils 
of  the  Mountain  Limestone  of  Belgium,  he  had  found  no  more  than 
four  or  five  examples  of  the  bones  or  teeth  of  fisbes.  Judging  from 
Belgian  data,  he  might  have  concluded  that  this  class  of  vertebrata 
was  of  extreme  rarity  in  the  carboniferous  seas;  whereas  the  in- 
vestigation of  other  countries  has  led  to  quite  a  different  result. 
Thus,  near  Clifton,  on  the  Avon,  there  is  a  celebrated  "  bone-bed," 
almost  entirely  made  up  of  icbthyolites  ;  and  the  same  may  be  said 
of  the  "fish-beds"  of  Armagh,  in  Ireland.  They  consist  chiefly 
of  the  teeth  of  fishes  of  the  Placoid  order,  nearly  all  of  them  rolled 
as  if  drifted  from  a  distance.  Some  teeth  are  sharp  and  pointed,  as 
in  ordinary  sharks,  of  which  the  genus  Cladodui  affords  an  illustra- 
tion ;  but  the  majority,  as  in  Psammodvi  and  Cochliodui,  are,  like 
the  teeth  of  the  Cestracion  of  Fort  Jackson  (see  above,  fig.  322., 
p.  328.),  massive  palatal  teeth  fitted  for  grinding.  (See  figs.  581, 
582.). 


t,  A((u.    Bans-btd,  M 
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There  are  upwards  of  seventy  other  species  of  fossil  flab  known  in 
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tbe  Mountain  Limestone  of  the  British  laUnds.  The  defensive  fln- 
bones  of  these  creatures  are  not  unfreqnent  at  Armagh  and  Bristd  ; 
those  ^own  as  Oraeanthut  are  often  of  a  ver;  large  sice.  Ganoid 
fish,  Bucli  as  Holoptychiut,  also  occur  ;  but  these  are  far  less  nume- 
rous. The  great  Megahekthyi  Hibberti  appears  to  range  itoia  the 
Upper  Coal-measures  to  the  lowest  Carboniferous  strata. 

Foraminifera. — In  the  upper  part  of  the  Mountain  Limestone 
group  in  the  S.W.  of  England,  near  Bristol,  limestones  having  a 
distinct  oolitic  structure  alternate  with  shales.  In  these  rocks  the 
nucleus  of  every  minute  spherule  is  seen,  under  the  microscope,  to 
consist  of  a  small  rhizopod  or  fonuninifer.  This  division  of  the 
lower  animals,  which  is  represented  so  fully  at  later  epochs  bj  the 
Nummutttes  and  their  numerous  minute  allies, 
appears  in  tbe  Mountain  Limestone  to  be  restricted 
to  a  very  few  species,  among  which  Textularia, 
Nodotaria,  Endothgra,  and  Ftuulina  (fig.  583.), 
re  been  rect^niced.  The  first  two  genera  are 
MauSSS^Ltaitit™  '^'*'''™<*''  **•  tl*^  ™d  all  the  after  periods  i  the  third 
has  been  found  in  the  Upper  Silurian,  but  is  not 
known  above  the  Carboniferous  strata;  the  fourth  (fig.  583.)  is 
peculiar  to  the  Mountain  Limestone,  and  is  characteristic  of  the 
formation  in  the  United  States,  Arctic  America,  Russia,  and  Asia 
Minor. 

STRATA  COKTEHPOBAHKOCS  WITB  THX  MOONTAIM  UHEBTOHK. 

In  countries  where  limestone  does  not  form  the  principal  part 
of  the  Lower  Carboniferous  series,  this  formation  assumes  a  very 
different  character,  as  in  the  Rhenish  Provinces  of  Prussia  and  in 
the  Hartz.  The  slates  and  sandstones  called  Kiesel-schiefer  and 
Younger  Greywacke  (Jungere  Grauwacke)  by  the  Germans,  were 
formerly  referred  to  the  Devonian  group,  but  are  now  ascertained  to 
belong  to  the  "  Lower  Carboniferous."  The  prevailing  shell  which 
characterizes  the  carbonaceous  schists  of  thb  series,  both  on  the 
Continent  and  in  Englajid,is  Poiidonomya  £echeri(&g.  584.).  Some 
well-known  mountain-limestone  spe- 
^■'**-  ciea,    such    as    GoniatUei   erenittria 

(see  flg.  579.)  and  G.  reticulatus,  also 
occur  in  the  Hartz.  In  the  associated 
I  sandstones  of  the  same  region,  fossil 
'  plants,  such  as  Lepidodendron  and 
the  allied  genus  Sagenaria,  are  com- 
mon ;  also  Knorria,  Catamites  SueA- 

PHltauBifa  Bedteri  OsU.  <**"i  "'^'i  ^'  tratuiHonu,  Gopp.,  some 

^wcSoMMinvM'.'  peculiar,  others  specifically  identical 

with  ordinary  coal-measure  fossils. 
Tlie  true  geological  position  of  these  rocks  in  the  Harts  was  first 
determined  by  MM.  Murchison  and  Sedgwick  in  1840.* 

*  Trans.,  GeoL  Soc.  London,  Second  Seritt,  vol  n.  p.  ass. 
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The  coal-meBSures  of  Nova  Scotia  have  been  described  page  482. 
Tlie  lower  diyision  cootalns,  besides  large  stratified  maaaes  of  gypsum, 
some  bands  of  marine  limestone  almost  entirely  made  up  of  encri- 
nites,  and,  in  some  places,  containing  shells  of  genera  common  to 
the  mountain  limestone  of  Europe. 

In  the  United  States  the  carboniferous  limestone  underlies  the 
productive  co&l-measnres  ;  and,  although  very  inconspicuous  on  the 
margin  of  the  Alleghany  or  Great  Appalachian  coal-field  in  Penn- 
sylvania,' it  expands  in  Virginia  and  Tenessee.  Its  still  greater 
extent  and  importance  in  the  Western  or  Mississippi  coal-fields,  in 
Kentucky,  Indiana,  Iowa,  Missouri,  and  other  western  stat^  has 
been  weUsbownby  Dr.  D.Dale  Owen.  In  those  regioas*  it  is  shout 
400  feet  thick,  and  abounds,  as  in  Europe,  in  shells  of  the  genera 
I^vducha  and  Spirifir,  with  Pentremiiea,  and  other  crinoids  and 
corals.  Among  the  latter,  Lithoitrotion  basaltiforme  or  ttriatum 
(fig.  565.  p.  512.'),  or  a  closely-allied  species  is  common. 

■  Oweo'i  GeoL  Snrrej' of  Wucotuin,  &c.    18SS. 
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CHAPTER  XXVI. 

OLD  RED   SANDSTONE,    OR  DEVONIAN  GROUP. 

Old  B«d  Banditone  at  the  Borden  of  Walet— Of  Scotland  msd  the  Sooih  of  Ire- 
land—Fonil  Deronian  planti  >t  KiikeDOj^Baloplschiia  of  the  Hiddia  and 
CephaliupU  of  the  Loirer  Old  Bed  of  Forfarshire— PtrrygcrfiM  and  mppoaed 
egga  of  Crofltaceani — Northern  type  of  Old  Bed  in  Scotland — ClassiScation  of 
the  Ichtbjolicea  of  the  Old  Bed,  and  their  relation  lo  tiTiug  type* — DiMinet 
lithologicat  type  of  Old  Red  in  Seron  and  Cornwall — Tarm  DeTonian- — Organic 
reTDoini  of  intermediate  character  between  thoM  of  the  Carboniferoiu  and 
Silarian  EfUeme—DeTonUn  aeiie>  of  England  and  the  ContJaent— Uppei 
DeTonian  rocks  and  fbaaik— Middle — Lower— Old  Red  Sandstone  of  Rnatia — 
Preponderaoce'of  Bracbiopoda — Deronian  Strata  of  the  United  SCatea  and 
Canada— Coral  reefi  at  the  falls  of  the  Ohio— Gacp£  Sandnone— Vefctaiioa  of 
the  DeTonian  period. 

It  haa  been  tlreadj  shovn  in  Hie  section  (p.  429.)i  that  the  car- 
boniferous strata  ore  surmounted  by  a  Bjstem  called  "  The  New 
Red,"  and  underlaid  bj  another  termed  the  "  Old  Red  Sandstone." 
The  last-mentioned  group  acquired  this  name  because  in  Hereford- 
shire and  Scotland,  wbere  it  was  originally  studied,  it  consisted 
chiefly  of  red  sandstone,  shale,  and  conglomerate.  It  was  afterwards 
termed  "  Devonian,"  for  reasons  which  will  be  explained  in  the 
sequel.  For  many  years  it  was  regarded  as  very  barren  of  organic 
remains :  and  such  is  undoubtedly  its  charscter,  over  very  wide 
areas  where  calcareous  matter  is  wanting,  and  where  its  colour  is 
determined  by  the  red  oxide  of  iron. 

"  Old  Bed"  in  fferefordthire,  fcc — ^In Herefordshire,  Worcester- 
sbire,  Shropshire,  and  South  Wales,  this  formation  attains  a  great 
thickness,  sometdmes  between  8000  and  10,000  feet.  In  these  re- 
gions it  has  been  subdivided  into 

1st.  Conglomerate. 

2ndly.  Brownstone  series — chiefly  reddish-green  and  brown  sand- 
stones, with  large  SurypUnu, 

Srdly.  Marl  and  Comstone — red  and  green  .ai^iUaceone  spotted 
marls,  with  irregular  conrses  of  impure  concretionary  limestone, 
provinciaUy  called  Comstone,  and  some  beds  of  white  sandstone. 
In  the  comstones,  and  in  those  flagstones  and  marls  through  which 
calcareous  matter  is  most  diffused,  some  spines  of  flsh  of  the  family 
Aeanthodidte,  and  remains  of  CephalatpiM  and  PtertupU  occur. 

4thly.  Ledbury  Shales — thiu  olive  shales  of  Ledbury  and  Ludlow, 
and  sandstones  intercalated  in  thick  beds  of  red  marL    Fish  of  the 
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geoera  CephalatpU,  Aueheiuupu,  he.,  Bpecifically  dutiDct  from  those 
of  tbe  underlying  Silurian. 

Old  Sed  SatuUtont  of  Scotland  and  Ireland.— South  of  the 
GrwnpianB,  ia  Forfarshire,  Kincardineihire,  and  Fife,  the  Old  Hed 
Sandstone  may  be  divided  into  three  gronps. 

A.  Yellow  sandstone. 

B.  Red  shale,  sandstone  with  comstone,  and  at  the  base  a  conglo- 

merate (Nos.  1,  2,  and  3.,  Section,  p.  48.). 

C.  Roofing  and  paving  stone,  highly  micaceous,  and  containing  a 

slight  admixture  of  carbonate  of  lime  (No.  4.  p.  48.). 

The  united  thickness  of  A,  B,  and  C,  in  Fife  and  Forfarshire 
must  amount  to  3000  or  4000  feet ;  and  perhaps  in  some  places, 
where  the  conglomerates  of  B  are  largely  developed,  to  much  more 
than  4000. 

A.— The  upper  member,  or  yellow  sandstone,  is  seen  at  Dura  Den, 
near  Cupar,  in  Fife,  immediately  underlying  the  coal.  It  consists  of 
a  yellow  sandstone  in  which  fish  of  the  genera  PtttrieAlhyt  (for  genus 
see  fig.  600.),  Patuphraettu^Bothriolepit,  Glyptopomut,  Holop^hiut, 
and  others  abound. 

In  Ireland  the  upper  beds  of  the  Old  Red,  or  yellow  sandstone  of 
Kilkenny,  contain  fish  of  the  genera  Coccotteus  and  Dendrodta, 
characteristic  forms  of  this  period,  together  with  plants  specifically 
distinct  from  any  known  in  tbe  coal-measures,  but  referable  to  tbe 
genera  fouod  in  them  j  as,  for  example,  Lepidodendron,  CyclopUrit 
(see  figs.  585.  and  586.).     The  stems  of  the  latter  have,  in  some 

Flj.  W.  Fig.  SK, 


ClfclopltT'i  mtrmlea,  Forbn. 
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Specimens,  broad  bases  of  attachment,  and  may  therefore  have  been 
tree-ferns. 

In  the  same  strata  shells  having  the  form  of  the  genus  Anodon, 
ftnd  which  probably  belonged  to  freshwater  testacea,  occur.  Some 
geologists,  it  is  true,  still  doubt  whether  these  beds  ought  not  rather 
to  be  classed  as  the  lowest  beds  of  the  carboniferoas  series,  together 
with  the  yellow  sandstone  of  Sir  B.  Griffiths  (see  p.  464.)  ;  but  tbe 
associated  ichthyolites  and  the  distinct  specific  character  of  the  plants, 
strongly  favour  the  opinion  above  expressed. 

B. — We  come  next  to  the  middle  division  of  the  "  Old  Red,"  as 
exhibited  south  of  the  Grampians,  and  consisting  of — 1st,  red 
ehale  and  sandstone,   with   some  comstone,  occupying  the  Valley 
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of  Stnithmore,  is  its  course  from  StonehaTen  to  the  Firth  of 
Clyde  ;  and,  2ndly,  of  a  congkme- 
rate,  seen  both  at  the  foot  of  the 
GrampioiiB,  and  on  the  flanka  of 
tiie  Sidlair  Uille,  as  shown  ia  the 
section  at  p,  48.,  Nos.  1,  2,  ud  3. 
In  tixe  uppermost  part  of  the  ^vi- 
sion No.  1.,  or  in  the  beds  which, 
I  in  Fife,  underlie  the  yellow  B*iid> 

stone,  the  scales  of  a  large  gsnoid 
fi^h,  of  the  genus  Hoioptydum, 
were  first  observed  by  Dr.Fiemiiig 
at  Clashbinnie,  near  Perth,  andu 
entire  specimen,  more  than  2  feet 
aeitciHtief9ckmtnoimMBmmi,ittm.     in  length,  wkB  afterwards  found  by 

(see  fig.  587.)  measured  3  inches  in  length,  and  2^  in  breadth. 

F1,  MS. 


C.  (Table,  p.  521.)— The  third  or   lowest  division  soath  of  the 
Grampians    consists  of  grey  paving-stone  and  roofing-slate,  with 
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BBBociated  red  and  grey  shales ;  these  strata  underlie  a  dense  mass 
of  conglomerate.  In  these  gny  beds  several  remarkable  fish  have 
been  found  of  the  genua  named  by  Agassiz  Cepkalaspit,  or  "  buck- 
ler-headed," from  the  extraordinary  shield  which  covers  the  head 
(see  fig.  589.),  and  which  has  often  been  mistaken  for  that  of  a 
trilobite,  such  as  Ataphui. 

A  species  of  Pteratpia,  of  the  same  family,  has  also  been  found  by 
Ae  Rev.  Hugh  Mitchell  in  beds  of  corresponding  age  in  Perthshire, 
and  Mr.  Powrie  enumerates  no  less  than  five  genera  of  the  family 
Acanthodidffi,  the  spines,  scales,  and  other  remains  of  which  have 
been  detected  in  the  grey  flaggy  sandstones,* 

In  the  same  formation  at  Carmytie,  in  Forfarshire,  commonly 
known  as  the  Arbroath  paving-stone,  fragments  of  a  huge  crastacean 
have  been  met  with  ftwm  time  to  time.  The;  are  called  by  the 
Scotch  quarrymen  the  "  Seraphim,"  from  the  wing'like  form  and 
feather-like  ornament  of  the  thoracic  appendage,  the  part  most 
usually  met  with.  Agassiz,  having  previously  referred  some  of  these 
fragments  to  the  class  of  fishes,  was  the  first  to  recognize  their 


1.  MU4]«p0RI«(irttaa*-aMinlilD.''«b(dorUMh«d.wltblh«Milt-llk*KulptDriHt. 
t.  hrtMO  ol  Um  dllitad  bu*  a(  aa*  of  tta*  uUrior  btt,  wlili  lu  i^itiDg  iplui  «  (a«ta, 

^  TktpToilBil portion oJone or thvitiTAiuitvriorGlawi, 

4.  TMnlnMloD  otlti*  ubh,  v[[b  iha  urraiwl  plncm.    (8m  A(m«^  niu.  FoM.  ta  Vlani 
Oria  Bouf*,  pUM  A.) 

cmatacean  character,  and,  although  at  the  time  unable  correctly  to 
determine  the  trne  relation  of  the  several  parts,  he  figured  the  por- 
tions on  which  he  founded  hia  opinion,  in  the  firat  plate  of  his 
"  Poissona  Fossiles  du  Vieox  Gr^  Rouge." 

A  restoration  in  correct  proportion  to  the  size  of  the  fragments 
of  P.  anfflieui,  from  the  Lower  Old  Bed  Sandstone  of  Perthshire 
and  Forfarshire,  would  give  us  a  creature  measuring  from  5  to  6 
feet  in  length,  and  more  than  1  foot  across  ;  and  Mr.  Salter  is  of 
opinion  that  P.  problematictu,  Ag.,  from  die  Downton  Sandstone, 
and  P.  ffifffu.  Salt.,  from  the  Upper  Ludlow  Bock,  attained  dimen- 
aioni  fully  as  large,  erea  up  to  7  feet 

■  Powiie,  QeoL  Qnart,  JoorDq  vol  xx.  p.  417. 
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The  largest  crustaceaua  living  at  the  present  day  are  the  Inaehut 
Ktempferi,  of  De  Haan,  from  Jspan  (a  brachjurous  or  short-tailed 
crab),  chieflj  remarkable  for  the  extraordinarj  length  of  its  limbs  ; 
the  fore  arm  measuring  4  feet  in  length,  and  the  others  in  propor- 
tion, ao  that  it  covers  about  2o  square  feet  of  ground ;  and  the 
Limttlut  Molueeanui,  the  great  King  Crab  of  China  and  the  eastern 
seas,  which,  when  adult,  measures  1^  foot  across  its  carapace,  and  is 
3  feet  in  length. 

Parka  decipietu. — In  the  eame  grey  paTing-stones  and  coarse 
roofing-slates  in  which  the  CephalaspU  and  Pterygotm  occur,  in 
Forfarshire  and  Kincardineshire,  the  remains  of  grass-like  plants 
abound  in  snch  uumbers  as  to  be  useful  to  the  geologist  by  enabling 
him  to  identify  corresponding  strata  at  distant  points.  Whether 
these  be  fncoids,  as  I  formerly  conjectured,  or  freshwater  plants 
of  the  family  fluvialet,  as  some  botanists  suggest,  canuot  yet  be 
determined.  They  are  often  accompanied  by  fossils,  called  "  ber- 
ries "  by  the  quarrymen,  and  which  are  not  unlike  the  form  which 
a  compressed  blackberry  or  raspberry  might  assume  (see  figs.  692. 
and  593.).  Some  of  these  were  first  observed  in  the  year  1828, 
in  grey  sandstone  of  the  same  age  as  that  of  Forfarshire,  at  Parkhill 
near  Newburgh,  in  the  north  of  Fife,  by  Dr.  Fleming.  1  afterwards 
found  them  on  the  north  side  of  Strathmore,  in  the  vertical  shale 
beneath  the  conglomerate,  and  in  the  same  beds  in  the  Sidlaw 
Hills,  at  all  points  where  fig.  4.  is  introduced  in  the  section,  p.  48. 

Dr.  Fleming  bas  compared  these  fossils  to  the  panicles  of  a  Juncus, 
or  the  catkins  of  Sparganium,  or  some  allied  plant,  and  he  was  con- 
firmed in  this  opinion  by  finding  a  specimen  at  Balrudderie,  showing 
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the  under  Burface  smootlier  than  the  upper,  and  displajing  what  may 
be  the  place  of  attachment  of  a  stalk.  I  have  met  with  some  speci- 
mens in  Forbrshire  embedded  in  sandstone,  and  not  associated  with 
the  leaves  of  plants  (see  fig.  S92-),  which  bore  a  considerable  resem- 
blance to  the  spawn  of  a  recent  Katiea  (fig.  594.),  in 
which  the  eggs  are  arranged  in  a  thin  layer  of  sand,  ^'*'  **** 

and  seem  to  have  acquired  a  polygonal  formbypresH- 
log  gainst  each  other;  but,  as  no  gasteropodons 
sheils  have  been  detected  in  the  aame  formation,  the 
Parka  has  probably  no  connection  with  this  class  of 

organisms.  Fr>«n;enl   ofipiwn 

The  late  Dr,  Mantell  was  so  much  atrnck  with  the     ^J^^.  ''™''* 
resemblance  of  one  of  my  specimens  (see  fig.  595.)  to 
a  small  bundle  of  the  dried-up  eggs  of  the  common  English  frog, 
which  he  had  obtained  in  a  black  and  carbonaceous  state  (see  fig. 
596.)  from  the  mud  of  a  pond  near  London,  that  he  suggested  a 

?(» IM«.  Fli.  W6. 

^orlUihtre.  ollb  bodin  Jika  ihl  on)  3 
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batrachian  origin  for  the  fossil ;  and  Mr.  Newport  concurred  in  the 
idea,  adding  that  other  larger  and  more  circular  fossils  (fig.  597.), 
which  I  procured  from  shale  in  the  same  "Old  Bed,"  occurring 
singly  or  in  paira,  and  attached  to  the  leaves  of  plants,  might 
possibly  be  the  ova  <if  some  gigantic  Triton  or  Salamander. 

The  general  absence  of  reptilian  remains  from  strata  of  the  Devo- 
nian period  always  weighed  strongly  with  most  geologists  against 
such  conjectures,  and  Mr.  Salter  in  1859,  and  more  lately  Mr. 
Powrie,  hare  suggested  that  Purka  decipiena  occurs  too  often  asso- 
ciated with  Ptert/gottu  not  to  incline  one  to  suspect  that  they  are 
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the  e^9  of  thiit  cruatacean.  They  have  not  only  been  found  with 
P.  anfflieta  in  FoFf&rahire  and  Perthshire,  but  also  with  P.  probU- 
maticiu  at  Ludlow,  and  with  P.  ludemit  at  Kidderminster,  in  th« 
uppermost  Silurian  strata.  Against  the  hypothesis  of  these  bodies 
being  seed-ressels,  it  is  ui^ed  that  there  is  no  trace  of  a  style  nor 
of  a  leafy  involucrum.  Thej  are  supposed  to  have  constituted  » 
single  layer  of  ova  enclosed  in  a  membrane,  and  not  a  number  of 
eggs  lying  crowded  one  over  the  other  in  a  sack. 

"  Old  Red  "  in  the  North  of  &orfaiiA— The  whole  of  the  northern 
part  of  Scotland,  from  Cape  Wrath  to  the  southern  flank  of  the 
Grampians,  has  been  well  described  by  the  late  Hugh  Miller  as  con- 
sisting of  a  nucleus  of  granite,  gneiaa,  and  other  hypogene  rocks, 
which  seem  as  if  set  in  a.  sandstone  frame.  The  beds  of  the  Old  Red 
Sandstone  constituting  this  frame  may  once  perhaps  have  extended 
continuously  over  the  entire  Grampians  before  the  upheaval  of  that 
mountain  range  ;  for  one  band  of  the  sandstone  follows  the  conree  of 
the  Moray  Frith  far  into  the  interior  of  the  great  Caledonian  valley, 
and  detached  hills  and  island-like  patches  occur  in  several  parts  of 
the  interior  capping  some  of  the  higher  summits  in  Sutherlandshire, 
and  appearing'  in  Morayshire  like  oases  among  the  granite  rocks  of 
Strathspey. 

As  the  mineral  character  of  the  "Old  Red"  north  of  the  Grampians 
differs  considerably  from  that  of  the  south,  especially  in  the  middle 
and  lower  divisions.  I  shall  now  allude  to  it  separately.  The  upper- 
most portion  was  formerly  supposed  to  include  certain  light-coloured 
sandstones  near  Elgin  containing  reptilian  remains  (  Telerpelon,  &cJ), 
which  we  have  now  good  reason  to  suspect  are  of  much  newer  or 
Triassic  date  ;  *  but,  besides  these  whitish  sandstones,  there  are 
others  of  a  yellowi^th  colour  near  Elgin,  which  are  perhaps  the  true 
equivalents  of  the  yellow  sandstone  of  Fife  (A,  p.  521.).  This  upper 
division  passes  downwards  into  red  and  variegated  sandstone  and 
conglomerate,  which  may  correspond  with  the  beds  called  B  of  the 
same  table,  p.  S21. 

*  Smppottd  T^itUian  rnnaiaf  of  Aa  of  coatoTmMt  strata  !□  tbe  neigbbonr- 

OU  RaL — !□  a  rormer  edition  of  this  hood  of  Elgin.     To  cfaii  reptile  &a  lato 

work  I  noticed  tbe  tlitcorery  of  thaboDM  Br.  MinteJl  giTCthe  tiameof  TtUrpttom 

of  ■  ttptile  found  in  nme  white  und-  JSIginaue;  it  was  4s>ociil«d  with  scales 

none  charged  wltb  carbonate  of  line  or  scam  mppoMd   bj  Agudi  to  bs 

fonning  the  Dpper  pan  of  ■  long  leriei  thow  of  a  fiih,  and  called  by  him  Stagi>- 
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III  this  part  of  the  series  eertain  bttnminouB  gchiste  and  flagstones 
occur  in  the  Orkneys  and  CaithDess,  Cromarty,  Aforay,  Num,  and 
Banff,  which  are  very  rich  in  fossil  fishes.  Below  the  Ssh-beda  are 
sandstones  and  shale^  barren  of  organic  remains,  several  hundred 
and  sometimes  nearly  a  thoosaad  feet  thick.  As  the  ichthyolitic 
zone  was  the  lowest  in  which  fossils  had  been  discovered  in  the 
North,  it  was  classed  paleontologically  by  Hngh  Miller  as  the  base 
of  the  Old  Red  system,  and  considered  by  htm  to  be  older  than  the 
division  C  of  the  table,  p.  521.,  or  those  paving-stones  and  roofing- 
slates  of  Forfarshire,  which  contain  Cephahtpit  and  PteiygotuM 
before  described,  p.  522.  Ho  fell  natnrally  into  this  mistake  by 
observing  that  the  fish-beds  where  be  studied  them  most  carefully, 
at  Cromarty,  were  in  almost  immediate  juzta-poeition  with  certain 
crystalline  or  metamorphic  rocks,  so  that  they  seemed  to  fonn  the 
base  of  the  Devonian  system.  Another  source  of  error,  says  Sir 
B.  Murchison,  arose  from  the  gradual  thinning  ont  of  the  bituminous 
and  calcareons  schists  and  fiagatonea  as  we  proceed  from  north  to 
soath.  Already  these  schists,  when  we  reach  Nairn  and  Elgin,  are 
represented  by  clays  with  calcareons  nodules  only  ;  and  this  is  still 
more  the  case  at  Gamrie  in  Banff.  Still  farther  southwards  even 
these  nodules  are  no  longer  traceable  in  the  middle  portion  of  the 
Old  Red  Sandstone.* 

Hei»ce  the  relative  position  of  the  middle  and  lover  beds  could 
not  be  proved  by  direct  snper-position,  the  Caithness  fish-beds  being 
wanting  in  Forfarshire,  and  the  Forfarshire  Cephalaspis  beds  alike 
absent  in  Caithnesx.  Bnt  all  doubt  as  to  the  true  order  of  super- 
position, if  any  still  remained,  was  set  at  rest  in  1861,  when  Mr. 
Peaoh,  under  the  direction  of  Sir  B.  Mnrchison,  searching  for  fossils 
in  Caithness,  found  in  sandstones,  many  hundreds  of  feet  below 
the  fish-ione,  nndonbted  remains  of  Pterygotut.  These  crustaceans 
are  characteristic  of  the  Cephalatpia  aone,  and  have  never  been  found 
in  the  great  fish-bed  of  the  middle  division  of  the  Old  Red.  This 
discovery,  therefore,  confirmed  the  anticipations  of  Sir  Roderick, 
who  had  previously  maintained  that  the  lower  sandstones  of  Caith- 
ness were  the  equivalents  of  the  Forfarshire  paving-stone,  and  of 

Mof^u;  bnt  which  Prof.  Hnxlej  bu  lines  in  18S3  by  Prof.  Harknen  to  be  per- 

ibowo   to  be  crocDdiliBn,  and  of  the  fMtlj  confonnable,  both  near  Elgin  and 

Tdeoanrian    tjpe.    The  jaw,    teeth,  in  Bou-ahire,  with  undltonea  conlaiomg 

ftmor,  and  lORte  esndal  TertebTK  bare  nneqoiTocal  "  Old  Red  "  flibei,  bnt  be- 

Bow  iMaa  found,  sod  they  indicate  an  twcen  theae  and  the  reptilifsroni  atrata 

animal  abont  eight  feet  long.     Another  there  intarrenea  eTcrywhere  a  conglo- 

reptUe,  HspvodapfJoK.  Haxley,  doaely  merate.  and  Mr.   C.  Moore  hai  jaaclj' 

alUed  to  the  aiauic  JU^ekemaiu,  baa  reinarked(HarkKsa,Geol.Qiuut.  Jonm., 

alto  been  met  with  in  tike  same  beds,  so  vol  n.  p.  439.,  1S64),  that  the  deatrne- 

that  it  Kppm*  highly  prcAable  that  the  tion   of  older  rocki  atieoed   by   luch 

lifAt-coioared  atones  near  Elgin  eon-  pebble  bedi  may  imply  a  breaik  in  the 

tuning  these  foaailt  are  referable    to  aeriei,  and  a  lapae  of  ninepreiented  time 

Ibe  IViaaaie,  and  not  aa  was  fbrmerty  of  indeflsite  extent, 

imagined,  to  the  "  Old  Bed,"  or  Dvto-  *  llDrcbiaan,  SUmla,  Srd.  ed.,  p.  SSS., 

ttian  period.  1891). 
Tbe  atrata  in  qncslion  have  beai)  ihowa 
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certaia  beds  of  Herefordshire  and  Shropshire,  which  immediately 
oTerlie  the  bone-bed  of  the  Upper  Ludlow.* 

Mr.  Powrie  remarks  that  very  few  genera  and  no  species  of  flah 
are  common  to  this  Lower  or  Cephalaspis  division,  and  to  the  Middle 
or  CaitliDesa  beds,  whereas  no  such  marked  break  occurs  between 
the  ichthyic  forms  of  the  Middle  and  those  of  the  Upper  or  Yellow 
Sandstone  division.j' 

Clasttfieation  of  Ike  Fossil  fuh  o/lAa  Old  Bed  Sandstone. 

The  fish  of  the  schists  and  flagBtonee  in  qaestion  are  verj  pecn- 
liar  and  characteristic.  The;  were  first  successfully  studied  by  the 
late  Hugh  Miller,  who  gave  an  admirable  description  and  restorations 
of  many  of  them.  They  were  also  the  snbject  in  1844  of  a  special 
mont^raph  by  Agassii,  in  which  he  described  no  less  than  sixty-five 
British  species  «lone,  and  several  important  memoirs  on  Pteriehliys 
and  other  genera  were  afterwards  published  by  Sir  F.  Egerton, 
whose  labours  in  this  field  (including  a  synopsis  of  all  the  genera 
known  in  1857)  have  been  acknowledged  by  Professor  Huxley  as 
having  powerfully  contributed  to  clear  op  his  ideas  when  he  under- 
took, in  1861,  the  difficult  task  of  classifying  these  fishes.  To  the 
Russian  zoologist.  Pander,  we  are  also  indebted  for  a  most  able  trea- 
tise on  these  ichthyolites.  Professor  Huxley's  mssterly  essay  is  of 
a  later  date  than  Pander's,  and  contains  a  systematic  arrangement 
of  the  British  Devonian  fish,  which,  he  observes,  are  of  surpassing 
interest,  as  comprising  the  oldest  assemblage  of  vertebrate  animals 
of  which  we  can  be  said  to  have  any  tolerably  complete  knowledge; 
for  no  reptiles  have  yet  been  found  older  than  those  of  the  coal,  and 
the  Silurian  fish  are  confined  to  a  few  isolated  specimens,  affording 
us  a  very  scanty  insight  into  the  character  of  the  piscine  fanna 
anterior  to  the  period  of  the  Old  Red  Sandstene. 

The  Devonian  fish  were  referred  by  Agassis  to  two  of  his  great 
orders,  namely,  the  Placoids  and  Ganoids.  Of  the  first  of  these,  which 
in  the  Recent  period  comprise  the  shark,  the  dog-fish,  and  the  r«y,  no 
entire  skeletons  are  preserved,  but  fin-spines  called  Ichthyodom- 
lites,  and  teeth  occur.  On  such  remains  the  genera  Onchut,  Odonta- 
eanlhttt,  and  C;(cno<fus,  asupposedcestraciont,  andsomeotherSjhaTe 
been  established.  There  are  also  some  spiny  fish  of  a  family  called 
Acanthodidie,  not  yet  well  understood,  and  thought  by  Huxley  to 
have  some  connection  with  the  Placoids,  although  he  admits  that 
they  may  perhaps  have  still  more  claims  to  rank  with  the  Ganoids, 
with  which  they  have  been  usually  classed. 

Among  the  Gaooids  are  the  Cephalaspida  (see  fig.  589.  p,  522.), 
represented  by  several  genera,  Cephalaspis,  Pteratpis,  &«.,  and 
forming  a  very  distinct  family,  but  having,  according  U  Huxley,  a 
considerable  relationship  with  the  sturgeon. 

By  far  the  greater  number,  however,  of  the  Old  Bed  Sandstone 

•  Po«rie,  Geol.  Qnait.  Joam.,  vol.     SHnria,  9rd  ed.,  p.980.  ftc,  18M. 
xiy,    p.    503.,  iBSg  i   and    Unrchison,       f  Powri*,  ibii,  p.  438. 
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fishes  belong  to  a  eub-order  oFGanoids  instituted  hj  Huxlej  in  1861, 
and  for  which  he  has  proposed  the  name  of  Crouopterggida*,  or  the 
fringe-fioned,  in  coasideration  of  the  peculiar  manner  in  which 
the  fin-rafs  of  the  psirad  fins  are  arranged  so  as  to  form  a  fringe 
round  a  central  lobe,  as  in  the  Polypterru  (see  a,  fig.  598.),  a  genns  of 


which  there  are  several  species  now  inhabitiag  the  Kile  and  other 
African  rivers.  The  reader  will  at  once  recognize  in  Otteolepit 
flg.  599.)  one  of  the  common  fishes  of  the  Old  Red  Sandstone,  man/ 


KatorBhin  or  Otlnlr^ii.    Piwlir. 

a.  one  al  (he  fhn^rd  peeloni  flm.  e.  anel  An, 

points  of  aoBlog;  with  Polj/plerut.  Thej  not  only  agree  in  the 
structore  of  the  fin,  as  first  pointed  out  bj  Huxley,  but  also  in  the 
position  of  the  pectoral,  ventral,  and  anal  fins,  and  in  having  an 
elongated  body  and  rhomboidal  scales.  On  the  other  hand,  the  tail 
is  more  symmetrical  in  the  recent  fish,  which  has  also  an  apparatos  of 
dorsal  finlets  of  a  very  abnormal  character,  both  as  to  number  and 
Structure,  As  to  the  dorsals  of  OsUeUpa,  they  are  regular  in  slruc- 
tnre  and  position,  having  nothing  remarkable  about  them,  except 
that  there  are  two  of  them,  which  is  comparatively  unusual  in  living 
fish. 

Among  the  "fringe-finned"  Ganoids  we  find  some  with  rhom- 
boidal scales,  such  as  OiteoUpis,  above  figured,  and  Diploplervs, 
GlyptoJamws,  and  Gli/plopomus ;  others  with  cycloidal  scsles,  an 
Holopttjehiua  (see  fig.  588.  p.  522.),  Dipttrui,  &c.  The  new  genus 
Glyploiamui,  founded  by  Huxley  on  specimens  from  the  DevoniHH 
yellow  sandstone  of  Dura  Den  in  Fife,  is  remarkable  for  having  not 

*  Abridged  rrom  Kftocuroi,  ciouoloa,  a  fringe,  and  rr*^  plwfx,  a  fin. 
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only  a  fringe  of  rays  entirely  surroanding  a  ceatraJ  lobe  in  the 
pectoral  and  Tentral  fina,  but  in  having  the  same  structure  repeated 
in  the  anal  and  both  the  dorsal  fins.  In  the  genera  DipUrus  and 
Diplopterua,  as  Hugh  Miller  pointed  out,  and  in  several  other  of  the 
fringe-finaed  genera,  as  in  Gyroplychivi  and  Glyplolepu,  the  tno 
dorsals  are  placed  far  backwards,  or  directly  over  the  ventral  and 

The  Asterolepit  was  a  ganoid  fieh  of  gigantic  dimensions.  A.At- 
mimi,  Eichwald,  a  species  characteristic  of  the  Old  Red  Saudstouo 
of  Russia,  as  well  as  that  of  Scotland,  attained  the  length  of  be- 
tween 20  and  30  feet.  It  was  clothed  with  strong  bony  armour, 
embossed  with  star-like  tubercles,  but  it  had  only  a  cartilaginous 
skeleton.  The  mouth  was  furnished  with  two  rows  of  teeth,  the 
outer  ones  small  and  fish-like,  the  inner  larger  and  with  a  reptilian 
character.  The  Asterokpit  occurs  also  in  the  Devonian  rocks  of 
North  America. 

If  we  except  the  Plaeoida  already  alluded  to,  and  a  few  other 
families  of  doubtful  affinities,  all  the  Old  Bed  Sandstone  fishes  are 
Ganoids,  an  order  so  named  by  Agassiz  from  the  shining  outer 
surface  of  their  scales.  The  same  remark  would  hold  true  of  the 
fish  of  the  primary  and  secondary  formations  generally,  those  of  the 
primary  and  older  secondary  type  having  heterocercal  tails,  while 
the  tails  of  those  of  the  tertiary  rocks  are  almost  all  equilobed  or 
homocercal,  like  the  vast  majority  of  living  fish;  but  Prof.  Huxley 
has  also  called  our  attention  to  the  fact  that,  while  a  few  of  the 
primary  and  the  great  majority  of  the  secondary  Ganoids  resemble 
the  living  Lepidoxteiit,  or  bony  pike,  or  the  Atnia,  genera  now  found 
in  North  American  rivers,  and  one  of  them,  Lepidotttm,  extending 
as  far  south  as  Guatemala,  the  Crossopterygii,  or  fringe-flnnetl 
Ichthyolites,  of  the  Old  Red  are  closely  related  to  the  AA^ican 
Potypterua,  which  is  represented  by  five  or  six  species  now  inha- 
biting the  Nile  and  the  rivers  of  Senegal.  These  Korth  American 
and  African  Ganoids  are  quite  exceptional  in  the  living  creation ; 
they  are  entirely  confined  to  the  northern  hemisphere,  unless  some 
species  of  Polypterui  range  to  the  south  of  the  line  in  Africa  ;  and, 
out  of  about  9000  living  species  of  fish  known  to  H.  Giinther,  and 
of  which  more  than  6000  are  now  preserved  in  the  British  Hasenin, 
they  probably  constitute  no  more  than  27. 

All  the  living  fish,  exclusive  of  the  27  species  just  mentioned, 
and  the  Elaemobranchii  or  Flacoids,  have  equilobed  or  homocercal 
tails,  and  are  called  Teleo»tei,  because  their  skeletons  are  perfectly 
ossified.*  The  living  Ganoids,  however,  most  reaembiing  those  of  tbu 
primary  and  secondary  periods,  namely,  the  LepidosUi  and  Polypteri, 
have  also  internal  skeletonn  as  perfect  as  those  of  any  Teleostri ; 
and  we  find  the  same  combination  of  a  bard  external  or  dermal 
skeleton,  and  a  well-ossified  eudo-skeleton  in  DipUnu,  one  of  the 

*-  From  TtAfsi,  teleos,  perftot,  and  oartw,  oueon,  a  boaa. 
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Old  Bed  Ganoids  Already  alluded  to.  In  this  reepect,  therefore, 
Dipterut  and  Polyplerut  agree,  although  they  differ  in  their  scales, 
Diptena  having  cjcloidal,  and  Polyptertu  rhomboidal  scales.  Mega- 
lieAthtft,  a  carboniferous  genus,  agrees  with  Polypterus  in  the  foini 
of  its  scales,  which  are  rhomboidal,  while  iis  internsL  skeleton,  as 
first  observed  by  Huxley,  is  so  far  ossified  that  in  each  vertebra 
there  is  a  ring  or  hoop  of  bone. 

The  fossil  Ganoids,  therefore,  although  generally  contrasted  with 
the  Tehoitei,  cannot  be  said  to  have  in  all  cases  imperfect  internal 
skeletons  any  more  than  the  most  typical  living  representatives  of 
the  order. 

Amon^  the  anomaloos  forms  of  Old  Bed  fishes  not  referable  to 
Huxley's  Crosaopterygii  is  the  PteruihlAt/i,  of  which  five  species  have 
been  found  in  the  middle  divisioii  of  the  Old  lied  of  Scotland.  Some 
writers  have  compared  their 
shelly   covering   to   that   of  Hf.«». 

Crustaceans,with  which  .how- 
ever, they  have  no  real  afiini- 
ty.  The  wing-like  appendages, 
whence  the  genus  is  named, 
were  first  supposed  "bf  Hugh 
Hiller  to  be  paddles,  like  those 
of  the  turtle  ;  and  there  can 
now  be  no  doubt  that  they  do 
really  correspond  with  the  pec- 
toral  fins.  Professor  Hnxley, 
when  speaking  of  the  allied 
genus  Coeeotteut,  has  speeu- 
JHted  on  its  relationship  with 
the  Siluridn,  a  lar^e   family 

of  living  Teleosteans,  the  bony  ^'^''"'^- ^'^^^l^^umi^"'  '"■"■ ' 
shields  covering  the   roof  of 

the  cranium  in  CoccoMteus  being  cmnpared  by  him  with  those  which 
cover  Uie  head  and  anterior  part  of  the  body  of  certain  Siluroids, 
more  particularly  those  belonging  to  the  genus  Clariat, 

South  Devon  and  Cornwall. —  Term  Devonian. — A  great  step 
was  made  in  the  classification  of  the  slaty  and  calciferous  strata  of 
South  Devon  and  Cornwall  in  1837,  when  a  large  portion  of  the 
beds,  previously  referred  to  the  "transition"  or  Silurian  series, 
were  found  to  belong  in  reality  to  the  period  of  the  Old- Red  Sand- 
stone. For  this  reform  we  are  indebted  to  the  labours  of  Professor 
Sedgwick  and  Sir  R.  Murchison,  assisted  by  a  suggestion  of  Mr. 
Ixmsdale,  who,  in  1837,  after  examining  the  South  Devonshire 
fossils,  perceived  that  some  of  them  agreed  with  those  of  the  Carbon- 
iferous group,  others  with  those  of  the  Silurian,  while  many  could 
not  be  assigned  to  either  system,  the  whole  taken  together  exhibiting 
A  peculiar  type,  but  of  intermediate  character  between  the  older  and 
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Dewer  gronpi  alluded  to.  Bat  these  palieontologicsl  ottservations 
alone  would  not  have  enabled  ui  to  assign,  wilh  accnracy,  the  true 
place  in  tlie  geological  series  of  these  slate-rocks  and  limestones  of 
South  Devon,  had  not  Uessrs.  Sedgwick  and  Murchiaon,  in  1836 
and  1637,  discovered  that  the  culiniferous  or  anthracilic  shales  of 
Korth  Devon  belonged  to  the  Coal,  and  not,  as  preceding  observers 
had  imagined,  to  the  "  transition  "  period. 

As  the  strata  of  South  Devon  here  alluded  to  are  far  richer  in 
organic  remains  than  the  red  sandstones  of  contemporaneous  date  in 
HerefoTdshire  and  Scotland,  the  new  name  of  the  "Devooian  system" 
was  proposed  as  a  suhstitnte  for  that  of  Old  Red  Sandstone. 

The  link  supplied  by  the  whole  assemblage  of  embedded  fossils, 
connecting  aa  it  does  the  palteontology  of  the  Silnrian  and  Carbon- 
iferous groups,  IB  one  of  the  highest  interest,  and  equally  striking 
whether  we  regard  the  genera  of  the  corals  or  of  the  shells.  The 
ipeciet  are  mostly  distinct  except  in  the  upper  group. 

The  rocks  of  this  group  in  South  Devon  consist,  in  great  part,  of 
green  chloritic  slates,  alternating  with  large  quartzose  elates  Mid 
sandstones.  Here  and  there  calcareous  slates  are  interstratiSed  with 
blue  crystalline  limestone,  and  in  some  divisions  conglomerates, 
passing  into  red  sandstone.  But  the  whole  series  is  much  altered 
and  disturbed  by  the  intrusion  of  the  graaite  of  Dartmoor  aitd  other 
igneous  rocks. 

In  North  Devon,  on  the  contrary,  the  DevoDian  group  has  been 
less  changed,  and  its  relations  to  the  overlying  carboniferous  rocks 
or  "Culm  Measures"  are  somewhat  more  clearly  seen.  The  follow- 
ing  sequence  is  exhibited  in  the  coast  section  oo  the  Bristol  Channel, 
between  Barnstaple  and  the  Korth  Foreland.* 

Devonian  Se^-iet  in  North  Devon. 

/  la.  Cn<care<niB  brown  sUtu ;  with  fowite,  lome  of  ihem  common  id 
J.  the  Carbonireroas  etoud,  bnt  mosc  oT  thein  diniact.  <Bjti)- 

Dpp«  or  I ,   J         ^,^^  p^^„  ^^j 

]  [b.  Brown  and  fellow  sandstone,  with  marine  ihelli  and  land-planti 
V^'*?  — Stigmaiia,  Sagataria,  and  Olheri.    {Baggy  Point,  Marwood. 

\  So,) 

r2.  Hard.grt^  and  reddish  landatones  and  mieaceoua  Sags,  whboM 
Middle, 


foisilii,  rcstini;  on  io(t  greeoiili  lehuui  of  considembl*  thick nesa. 


"■y""'  (MorteBaj,  BuU  Point,  &£.> 

"'    !^'   <  3.  Caltareons  alalea,  with  eight  or  nine  conrses  of  linwatont,  full  of 

'^'""^  conili  and  ihella  like  thoie  of  the  Plymouth  limestone,  via.,  Cgallio- 

S""'P  phyUvn  catpibMHi,  see  fig.  606.,  FavatUa  po/gmorpia,  we  Sg-  60S., 

(  tiC.     (Combe  Maitin,  Ufracombe  Hmbour,  &c.) 

-               (4.  Hurd,  ereenifh,red,  and  purple  sandtloDca:  with  occaaional  Ibaalli, 

L9WEr,or  I  Spirifert,  Ac.    (Linton,  Konh  Porel«nd,  &c.> 

Linton      4  j  g^|^  chloritous  alatcs,  wiih  tome  saudscohes  ;    Ortkit,  Spirijtr,  and 

8?<'"P        (  Corala.     (Vall.7  of  Kocks.  Ljomoulh,  4c.) 

The  suocessive  beds  of  this  seclion  have  been  compared  with 

■  Sedgwick  and  Uaichlson,  Tnuw.     Cornwall,  Fl.  9.    Msrchitoa's  Sdnria* 
Geol.  Soc.,  New  Series,  voL  T.  p.  644.    p.  356. 
Da  la  Becbe,  Gcol.  Sepun,  Devon  and 
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those  of  South  Devon  and  Cornwall  both  by  the  aathors  of  the 
"  Devonian  "  Bjstem  and  by  other  observers.  And  Professor  Sedg- 
wick has  again  lately  brought  them  into  closer  compariBon.*  Other 
geologists  at  borne  and  abroad  have  successively  identified  them  with 
the  Devonian  series  in  France,  Belgium,  the  Rhenish  Provinces, 
Central  Gennany,  and  America.f  I  shall  proceed  first  to  treat  of 
the  main  divisions  which  have  been  eslablistied  in  Eui'ope. 

Upper  Devonian  Rockt. 

PUCon  Group. — The  slates  and  sandstone  of  Bamatapte  (No.  i., 
a,  b,  of  the  preceding  section)  were  formerly  considered  to  be  re- 
presented in  C'Ornwall  by  the  limestones  of  Petherwyn,  which  rise 
from  under  the  Culm  Measures,  constituting  the  Feiherwyn  group 
of  Professor  Sedgwick.    But  later  researches^  have  rendered  it  pro- 
bable that  these  beds  overlie  the  p    ^, 
Petherwyn  group  j  they  contain 
the  shell  Spirifer  diijunctm.  Sow. 
{S.  Vemeuilii,  Murch.),  (see  fig. 
601.),   found   in    Europe,    Asia 
Minor,    and   even   China ;    Spi- 
rifer  BarriensU,    S.    Urii,   and 

n.         ,     ,      .  ...  I  Spirifir  dldiHKUa,  Sow.  grn.  fit.  ftnutlUi, 

Slrophalona  caperala,  together  Hurch. 

with  the  large  trilobite  PAac^l  Upp- D,™,-..  b«I«». 

lati/ro/u,  Bronn  (see  fig.  602.},  which  is  all  but  world-wide  in  itn 

distribution.      The   fossils   are   numerous,  and 

80  per  cent,  of  them  are  distinct  from  those  of  ^' 

even  the  Lower  Carboniferous. 

Pethervtyn  Group. — A  series  of  limestones 
Aud  slates  best  developed  at  Petherwyn,  in 
CornwalL  Among  many  other  fossils,  tbe 
Cllfmenia  Unearit  (fig.  603.)  and  the  minute 
crustacean  Cypriditta  »erraio-ttriala  (fig.  604.) 
are  so  characteristic  of  these  upper  beds  in 
Belgium,  the  Rbenish  Provinces,  the  Harts, 
Saxony,  and  Silesia,  that  strata  of  this  division 
in  Germany  are  distinguished  by  the  names  of 
*'Clymenien-Kalk"and"Cypridinen-schiefer."§ 

With  these  are  many   Goniatileg  (G.  iubsul- 
ealut,  Miinster,  and  other  species),  both  in  Eng- 
land and  ou  tbe  Continent.     In  Germany  tbey    FAacapt  laHfitmi,  Brmn. 
are   usually   confined   to  distinct   beda,  as  at  *^'i'n'SJi'L"' Funip*|°  a^'. 
Oberecheld,  also   at  Couvin   in  Belgium,    &o.    """*■"*»■  *"«!"■ 

>  Qnut.  Joonu  0«oL  Soc,  voL  liit.  Von    Meyer's    FolKoniographica,   3rd 

p.  I.,  tl  irq.  vol.  pi.  1. 

t  6e«  Dr.  Fridolin  Bandbcrger  on  the  t  See  Hurchiion'a  Silnria,  Sod  ed.,  p. 

DeTontaD  rocki  of  I4m«bd  (GeoL  Ter-  S47. 

tialt.  Numb)  ;  Fried.  A.  RomcT,  on  the  §  Ibid.,  chipi.  x.,  xiv.,  and  xt. 
Baru  l><:>oiiiin  It«M:ki,  in  Dnaker  lod 
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Trtlobites  ore  not  uurrequent  iu  Cornwall ;  they  are  chiefly  restricted 
to  specicB  of  Pkaeops,  P.  Itevit,  &c.,  but  in  the  upper  Devonian 
limestones  of  the  Fi elite Igebirge,  as  at  Elbersreuth  in  Bavaria,  there 
are  numerous  other  genera  and  epecies,  such  as  Broniet,  Cypkattu. 
&C.,  which  never  rise  higher  in  the  series  or  appear  in  any  portion  of 
the  carboniferous  limestone. 

MiddU  Devonian. 

The  unfoBsiliferous  series  {Ko.  2,  p,  532.)  of  North  Devon,  anel 
the  calcareous  beds  of  Ilfrocombe  (3.),  correspond  to  the  D&rtmouli> 
and  Plymouth  groups  of  Prof.  Sedgwick's  South  Devon  series,  and 
are  the  most  typical  portion  of  the  Devonian  system.  They  inciade 
the  great  limestones  of  Plymouth  and  Torbay,  replete  with  shells, 
trilobites,  and  corals.  A  thick  accumulation  of  slate  and  schist, 
full  of  the  same  fossils,  occupies  nearly  ail  the  southern  portion  uf 
Devonshire  and  a  large  part  of  Cornwall.  Among  the  corals  we 
Jlnd  the  genera  Favosiles,  IleiiolUet,  and  Cgatkophi/tlam,  the  last 
genus  equally  abundant  iu  the  Silurian  and  Carboniferous  systems, 
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the  two  former  80  frequent  in  Silurian  rocks.  Some  few  ereu  of  the 
species  are  common  to  the  Devonian  and  Silurian  groups,  as,  for 
example,  Favoiitet  polymorpka  (fig.  605.),  one  of  the  commonest  of 
all  the  Devonshire  fossils.  The  Ct/alhophyllum  easpitomm  (fig. 
606.)  and  HelioUte*  pyri/ormu  (fig.  607.)  are  peculiarly  chaiacter- 
ietic;  as  is  another  very  common  species,  the  Aulopora  serpent 
(lig.  608.),  which  creeps  over  corals  and  shells  in  its  young  state, 

Fl|.  COT.  Fl(.  CM. 


todIu,  Torquir )  PlfiDOuIb;  BIfel. 

as  here  figured,  but  afterwards  grows  upwards  and  becomes  a 
cluster  of  tubes  counected  by  minute  processes.  In  this  state  it 
baa  been  supposed  to  be  a  distinct  coral,  and  has  been  called  Sff- 
ringopora. 

With  the  above  are  found  many  stone-lilies  or  crinoids,  some  of 
them,  such  as  Cuprettocrinites,  of  forms  generically  distinct  from 
those  of  the  Carboniferous  Limestone.  The  moUuska  also  are  uu 
lesscharacterl3tic,nmong  which  the  genus  Stringoeephalut  (fig.  609.) 


SinrnttcyliatM  BmrHni.'Dtt'.    (TtrriralmlapiirTrcla.Som.)    ElM  i  >]«>  South  Dtron. 

I.  iBU'ioc  at  \tigtr  tl^Tt.  lynrnttif  tMtt  f*n\tlm,  iikI  pui  afi  liir(<  procni  which 
pniBCUftwii  th«  other  taIto  qulto  ai  roH  ibflthvLL 

may  be  mentioned  as  exclusively  Devonian.  Many  other  Brachiopod 
shells,  of  the  genus  Spirijir,  fkc,  abounded,  and  among  them  the 
Atrffpa  reticularis,  Linn.  sp.  (flg.  627.  p.  551.),  which  seems  to  have 
been  a  cosmopolite  species  occurring  in  Devonian  strata  from 
America  to  Asia  Minor,  and  which,  as  we  shall  hereafter  see 
(p.  550.),  lived  also  in  the  Silurian  seas.  Among  the  peculiar 
1km ell i branchiate  bivalves  common  to  the  Plymouth  limestone  of 
Devonshire  and  the  Continent,  we  find  the  Megalodon  (fig.  610.), 
together  with  many  spiral  univalves,  such  as  Murehitonia,  Euom- 
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pkalui,  and  Jtfaeroekeilua;  and  Ft«ropoda  mch  u  Omuiaria  (fig. 


VnraMflinnlWu,  Son.    BhI ;  ilia  Biidkr,  S.  Dnoo.  OiHtu^l  oriMM.  D'Anh.  *^ 

*.  IDUthir  si  TalTi.  ibuwiiii  Um  Una  cuTtflnd  isotli.  -(Gai4.  Train..  Sec  SFr,.>ol.  d. 

Vl.a.)    Bofruh.  DW  CoKtiM. 

611.}.  The  cephalopoda,  aucb  aa  Cyrtoeerat,  Gyroeeras,  and  others, 
are  uearly  all  of  genera  distioct  from  those  prevailing  in  the  Upper 
DeTonian  Limestone,  or  CljmeDien-Kalk  of  the  Germaus  already 
mentioned  (p.  533.).  Although  but  few  epectea  of  Trilobitea  occur, 
the  characteristic  Brontta  JiabflUfer  (fig.  612.)  is  far  from  nj% 
and  all  collectors  are  familiar  with  iU  fan-like  tail.  The  bend  ia 
seldom  found  perfect ;  a  restoration  of  it  has  been  attempted  bj 
Ur.  Salter  (fig.  613.) 


In  this  same  formation,  comprising  in  it  the  "  Stringocephalus 
limFBtone,"or  "  Eifel  Limestone"  of  Germauf,  several  remains  of 
Coeeotteut  and  other  icbthyolites  have  been  detected,  and  they  serve, 
OS  Sir  R.  Murchison  observes  (Siluria,  p.  371.),  to  identify  the  rock 
with  the  Old  Red  Sandstone  of  Britain  and  Russia. 

Beneath  the  Eifel  Limestone  (the  great  central  and  typical 
member  of  "  the  Devonian "  on  the  Continent)  lie  cerlaiu  schists 
called  by  German  writers  "  Calceola-scbiefer,"  because  they  contain 
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in  abanduice  a.  fossil  body  of 

very  curious  structure^  Col-  ~ 

eeala   landalinn   (fig.  614.)t 

which  has  been  usually  con-  1 

sidered     a    brnchiopod,    but  ^ 

which  sorae  naluraliste  have 

lately   referred   to  a  coral. 

They  suppose  it  to  be  an  ah- 

Jiormal   form   of    the  order  '"r^'Mi'»Sr«l  ^""iaiS' 

ZoanlAaria  rugota  (see  &g. 

£63.  p.  oU.)>  differing  from  all  other  corab  in  being  furnished 

with  a  strong  operculum. 

Lower  Devonian. 

Beneath  the  Middle  Devonian  limestones  and  schists  already 
ennmerated,  a  series  of  slaty  beds  and  qnartzoee  sandstones,  the 
latter  constituting  the  "  Older  RLenish  Greywacke  "  of  Romer,  and 
the  "  Spirifer  sandatone "  of  Sandberger,  are  exhibited  between 
Coblentz  and  Canb,*  A  portion  of  these  rocks  on  the  Rhine  and  in 
some  of  the  adjacent  countries  was  regarded  as  "  Upper  Silurian  " 
by  Prof,  Sedgwick  and  Sir  B.  Murchison  in  1839,  but  their  true 
age  faaa  since  been  determined.  Their  equivalents  are  found  in 
England  in  the  sandstones  and  slates  of  tbe  Foreland  and  Linton 
in  Devon  (Nos.  4.  and  5.  of  the  section,  p.  632.),  and,  according 
to  Mr.  Salter,  in  tbe  sandstone  of  Torquay  in  South  Devon, 
where  many  of  the  characteristic  Rhenish  fossils  are  met  with. 
The  broad-winged  Spiri- 
fers  which  distingaish  the 
"  Spirifer  -  sandstein  "  of  ^ 
Germany  have  their  re- 
presentatives in  the  De- 
vonian strata  of  North 
America  (see  fig.  615.),       *'^  "™— .  h^i.  d™i.u  of  p.«,.ri™u. 

Among  tlie  Trilobites  of  this  era  several  large  species  of  Boma- 
lonolu*  (fig,  616.)  are  conspicuous,  Tbe  genus  is  still  better  known 
as  a  Silurian  form,  but  the  spinose  species  appear  to  belong  exclu- 
sively to  the  '*  Lower  Devonian,"  and  are  fonnd  in  Britain,  Europe, 
ftod  the  Cape  of  Good  Hope, 

With  the  above  are  associated  many  species  of  Brachiopods,  such 
fts  Ort&it,  Leptana,  and  Chonttet,  and  numerous  I^mellibranchiata, 
such  as  Pterinta  ;  also  the  very  remarkable  fossil  coral  called  .fYvutv- 
dich/um  problematkum  (fig.  617.), 

Devonian  1^  Sutiia. — The  Devonian  strata  of  Russia  extend, 
according  to  Sir  R.  Morchison,  over  a  region  more  spacious  than 
tbe  British  Isles  ;  and  it  is  remarkable  that,  where  they  consist  of 
sandstone  like  the  "  Old  Red "  of  Scotland  and  Central  England, 
the/  are  tenanted  by  fossil  fishes  often  of  the  same  species  and  still 

.  0  HnrcbiioD'i  Siloris,  p.  36S. 
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oftener  of  the  same  genera  ks  the  British,  whereas  when  they  consist 
of  limestone  they  contain  sJiells  similar  to  those  of  Devonshire,  thus 
confirming,  as  Sir  Roderick  observes,  the  contemporaneous  origin 
previously  assigned  to  formations  exhibiting  two  very  distinct 
mineral  types  in  different  parts  of  Britain.*  The  calcareous  and  the 
arenaceous  rocks  of  Russia  above  alluded  to  alternate  in  such  ft 
manner  as  to  leave  no  doubt  of  their  having  been  deposited  at  the 
same  period.  Among  the  fish  common  to  the  Russian  and  the  British 
strata  are  AaleroUpu  Atmutii  before  meotioued;  a  smaller  species, 
A.  minor,  Ag. ;  Holoptj/ehiut  nobilitnmvt  (p.  522.) ;  Dendrodut 
strigatut,  Owen  j  Pterichlhyi  major,  Ag.  ;  and  many  others.  But 
some  of  the  most  marked  of  the  Scottish  gcner*,  such  as  Cephalatpis, 
Coccosteiis,  Diplacanthut,  Cheiracantktu,  &c.,  have  not  yet  been 
found  in  Russia,  owing  perhaps  to  the  present  imperfect  state  of  our 
researches,  or  possibly  to  geographical  causes  limiting  the  range  of 
ihe  extinct  species.  On  the  whole,  no  less  than  forty  species  of 
placoid  and  ganoid  fish  have  been  already  collected  in  Russia,  some 
of  the  placoids  being  of  enormous  size,  as  before  stated,  p.  530. 

Devonian  Braehiopoda. 

The  preponderance  of  the  Brachiopods  or  Fall iobranch lata  among 
the  bivalve  shells  forms  a  decided  feature  in  the  conchology  of  the 
Devonian  strata  as  contrasted  with  that  of  rocks  newer  in  the  series, 
such  as  have  been  described  in  the  preceding  chapters.  In  a  table 
of  British  fossils,  constructed  by  Professor  Ramsay,  it  appears  that 
there  are  twice  as  many  species  of  Brachiopods  as  of  LamelUbran- 
chiate  bivalves  in  the  Devonian  rocks,  there  being  ninety-six  known 


•  Klnria,  p.  329. 
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Bi-&cbiop04ls  to  fbrty-seven  LamelHbrancbiata.  In  the  snt«cedent 
Siluriaa  rocks  the  relktive  uumberd  are  still  more  in  favonr  of  the 
Brachiopods,  whereas,  in  the  more  modern  Carboniferous  formation, 
the  proportions  are  more  than  reversed,  for  there  are  of  the  Car- 
boniferous Lamellibranchiata  282  species,  and  only  123  Brachio- 

The  reader  will  of  course  conclude  from  what  was  said  at  p.  410. 
that  all  these  oolitic  species  were  uot  living  at  one  and  the  some 
time,  there  having  been  continual  changes  going  on  in  the  fauna 
from  the  period  of  the  lowest  to  that  of  the  uppermost  member  of 
the  oolitic  series  ;  but  the  proportions  of  the  two  families  of  shells 
may  be  correctly  deduced  from  the  data  above  given.  If  wo  consult 
the  same  table  to  obtain  the  relative  numbers  of  these  same  orders  of 
■Dollusca  in  the  oolites,  we  find  536  Lamellibranchiata  and  only 
eixty-nioe  Brachiopoda,  these  last  therefore  being  reduced  to  nearly 
an  eighth  part  of  the  whole  bivalve  fauna.  If  we  then  turn  to  the 
actual  British  seas,  we  observe  that  Forbes  and  Hanlej'  give  220 
living  species  of  Lamellibranchiata  and  only  five  Brachiopods,  the 
latter  being  reduced  to  a  fortj-fourth  part  of  the  whole  fauna.  As 
the  lam elli branchiate  mollusks  have  an  organization  of  a  more  com- 
plex  and  higher  grade,  the  fact  of  their  increasing  preponderance 
from  the  earliest  to  the  latest  times  has  been  often  cited,  and  not 
without  reason,  as  favouring  the  theory  of  progressive  development. 

Devonian  Strata  in  the  United  States  and  Canada. 

In  no  country  hitherto  explored  is  there  so  complete  a  series  of 
strata  intervening  between  the  Carboniferous  and  Silurian  as  in  the 
United  States.  This  intermediate  or  Devonian  group  was  first 
studied  in  all  its  details,  and  with  due  attention  to  its  fossil  remains, 
by  the  Government  Surveyors  of  New  York.  In  its  geographical 
extent,  that  State,  taken  singly,  is  about  equal  in  size  to  Great 
Britain  ;  and  the  geologiat  has  the  advantage  of  finding  the 
Devonian  rocks  there  in  a  nearly  horizontal  and  nndiaturbed  con- 
dition, so  that  the  relative  position  of  each  formation  can  be  ascer- 
tained with  certunty. 

Subdivitiont  of  the  New  York  Devonian  Strata,  in  the  Reporli  of 
the  Government  Sarvet/ort. 

Nimct  or  Gnupa.  Tfalckntu  In  Fitl. 
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These  aubdivieiona  are  of  very  unequal  valae,  wbether  we  regard 
the  thieknesB  of  the  beds  or  the  dUtinctDeBB  of  their  foseiU ;  bat 
they  have  each  Bome  mineral  or  organic  character  to  diBtingiiiah 
thera  from  the  rest  Moreover,  it  has  been  found,  on  comparing  the 
geology  of  other  North  American  States  .with  the  New  York 
standard,  that  some  of  the  above-mentioned  groups,  such  as  Nob.  2. 
and  3.,  which  are  respectively  1500  and  1000  ft.  thick  in  New  Tork, 
are  very  local,  and  thin  out  when  followed  into  adjoining  States; 
whereas  others,  such  as  Nos.  8.  and  9.,  the  total  thickness  of  which 
is  scarcely  50  feet  in  New  York,  can  be  traced  over  an  area  nearly 
as  targe  aa  Europe. 

Respecting  the  upper  limit  of  the  above  system,  there  has  been 
very  little  difierence  of  opinion,  since  the  Bed  Sandstone  No.  1. 
contains  Holoplychim  ttobilitsimta  and  other  fish  characteristic 
generically  or  specifically  of  the  European  Old  Red.  More  doubt 
has  been  entertained  in  regard  to  the  classification  of  Nos.  10,  11, 
and  12.  M.  de  Terneuil  proposed  in  1847,  after  visiting  the  United 
States,  to  include  the  Oriskany  sandstone  in  the  Devonian  ;  and 
Mr.  D.  Sharpe,  after  examining  the  fossib  which  I  bad  collected  in 
America  in  1642,  arrived  independently  at  the  same  concluMon.* 
The  resemblance  of  the  Spirifers  of  this  Oriskany  sandstone  to  those 
of  the  Lower  Devonian  of  the  Eifel  was  the  chief  motive  assigned 
by  M.  de  Vemeuil  for  his  view ;  and  the  overlying  Schoharie  grit. 
No.  10.,  was  classed  as  Devonian  because  it  contained  a  species  of 
Atterolepii.  On  the  other  hand,  Prof.  Hall  adduces  many  fossils 
from  Nos.  10.  and  12.  which  resemble  more  nearly  the  Ludlow 
group  of  Murchison  than  any  other  European  type;  and  he  thinks, 
therefore,  that  those  groups  may  be  "  Upper  Silurian."  Sir  William 
Lc^an  has  shown  that  the  fossils  of  the  Gaspe  limestones  in  Eastern 
Canada  favour  the  same  opinion,  and  demonstrate  at  least  how  diffi- 
cult it  is  to  draw  a  dividing  line  in  that  conntry  between  the  De- 
vonian and  Silurian  systems.  Although  the  Oriskany  sandstone  n 
no  more  than  30  feet  thick  in  New  York,  it  is  sometimes  300  feet 
thick  in  Pennsylvania  and  Virginia,  where,  together  with  other 
primary  or  palffiosoic  strata,  it  has  been  well  studied  by  ProfeBson 
W.  B.  and  H.  D.  Rogers. 

The  upper  divisions  (fWtm  the  Catskill  to  the  Genessee  groups 
inclusive,  Nos.  1.  to  4.)  consist  of  Brenaceous  and  shaly  beds,  and 
may  have  been  of  littoral  origin.  Thoy  vary  greatly  in  tbickneaa, 
and  few  of  them  can  be  traced  into  the  "  far  West ;"  whereas  the 
calcareous  groups,  Nos.  8.  and  9.,  althongh  in  New  York  they  have 
seldom  a  united  thickness  of  more  than  50  feet,  are  observed  to  con- 
stitute an  almost  continuous  coral-reef  over  an  area  of  not  lesa  tban 
£00,0(X)  squsre  miles,  from  the  State  of  New  York  to  the  Misua> 
sippi,  and  between  Lakes  Huron  and  Michigan,  in  the  north,  and 
the  Ohio  Biver  and  Tennessee  in  the  south.     In  the  Weetera  Slate* 

*  De  Veraenil,  Balletin,  4.  678.,  1847)  D.  Sharpe,  Qnart.  JoaiD.  Geol.  Soe_ 
voL  i».  pp.  145,  1847. 
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they  are  repreeented  hy  the  upper  part  of  what  is  termed  "the  Cliff 
Limestone."  There  is  a  grand  display  of  this  calcareous  formatioa 
at  the  falls  or  rapids  of  the  Ohio  River  at  Louisville  in  Kentncky, 
where  it  much  resembles  a  modern  coral-reef.  A  wide  extent  of 
surface  is  exposed  in  a  series  of  horisontal  ledges,  at  all  seasons  when 
the  water  is  not  high  ;  and,  the  softer  parts  of  the  etone  having  de- 
composed and  wasted  awaj,  the  harder  calcareous  corals  stand  out 
in  relief,  their  erect  stems  sending  out  branches  preciBely  as  when 
thej  were  living.  Among  other  species  I  observed  single  corals,  not 
less  than  5  feet  in  diameter,  of  FavosiU$  gothlandica,  with  its 
beautiful  honeycomb  structure  well  displayed,  and,  by  the  side  of  ir, 
the  Favutella,  combining  a  similar  honeycombed  form  with  the  star 
of  the  AttTiea.  There  was  also  the  cup-shaped  CyalhophyUuix,  and 
the  delicate  network  of  the  Fenetlella,  and  that  elegant  and  well- 
known  European  species  of  fossil,  called  "the  chain  coral,"  Caleni' 
pora  eseharoidti  (see  fig.  631.,  p.  553.),  with  a  profusion  of  others. 
These  coralline  forms  were  mingled  with  the  joints,  stems,  and  occa- 
sionally the  heads  of  lily  encrinites.  Although  hundreds  of  fine 
specimens  have  been  detached  from  these  rocks  to  enrich  the 
museums  of  Europe  and  America,  another  crop  is  constantly  work- 
ing its  way  out,  under  the  action  of  the  stream,  and  of  the  sun  and 
rain  in  the  warm  season  when  the  channel  is  laid  dry.  The  waters 
of  the  Ohio,  when  I  visited  the  spot  in  April,  1846,  were  more  than 
40  feet  below  their  highest  level,  and  20  feet  above  their  lowest  so 
that  large  spaces  of  bare  rock  were  exposed  to  view.* 

No  less  than  46  species  of  British  Devonian  corals  are  described 
in  the  monograph  published  in  1853  by  MeBsrs.  M.  Edwards  and 
Jules  Haime  (Falieontograpfaical  Society),  and  ooly  six  of  these  occur 
in  America;  a  fact,  observes  Frof.  £.  Forbes,  which,  when  we  call 
to  mind  the  wide  latitudinal  range  of  the  Anthozoa,  has  an  important 
bearing  on  the  determination  of  the  geography  of  the  northern 
hemisphere  during  the  Devonian  epoch.  We  must  also  remember 
that  the  more  conspicuous  corals  of  these  ancient  reefa,  vii:.,  those 
.which  are  like  our  cup  and'star  corals,  all  belong  to  the  Zoantharia 
n^osa,  a  sub-order  which,  as  before  stated  (p.  611.  «t  »f.),  has  no 
living  representative.  Hence  great  caution  must  be  used  in  admit- 
ting all  inductions  drawn  from  the  presence  and  forms  of  these 
soophytes,  respecting  the  prevalence  of  a  warm  or  tropical  climatu 
in  high  latitudes  at  the  time  when  they  flourished, — for  such  induc- 
tions, says  Frof.  K  Forbes,  have  been  founded  "on  the  mistaking  of 
anal<^ies  for  affinities."  \ 

This  calcareous  division  also  contuns  Goniatilea,  Spirifen,  Pen- 
fremitei,  and  many  other  genera  of  Mollusca  and  Crinoidea,  corres- 
ponding to  those  which  abound  in  the  Devonian  of  Europe,  and  some 
few  of  the  forms  are  the  same.  But  the  difficulty  of  deciding  on  the 
exact  parallelism  of  the  New  York  subdivisions,  as  above  enumerated, 
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with  the  members  of  the  European  Devonian,  is  verj  great,  go  few 
are  the  species  in  common.  This  difficulty  will  best  be  appreciated 
bj  consulting  the  critical  esaaj  published  by  Mr.  Hall  in  1851,  on 
the  writings  of  European  authors  on  this  interesting  question.* 
Indeed  we  are  scarcely  as  yet  able  to  decide  on  the  parallelism  of 
the  principal  gronps  even  of  the  north  nnd  south  of  Scotlaod,  or. 
on  the  agreement  of  these  again  with  the  Devonian  &nd  Bbenish 
subdivisions. 

Canada. — In  Western  Canada  many  of  the  subdivisions  of  the 
NewYorkDevonian8ystem,asaboTe  enumerated,  from  the  Chemung 
to  the  Oriskany  formation,  have  been  recognised  by  the  BiitieU 
surveyors,  and  are  even  traceable  continuously,  as  in  the  Niagara 
district,  from  the  one  country  to  the  other- 

-In  Eastern  Cauada,  or  in  the  peninsula  of  Gasp^,  south  of  Ih^ 
estuary  of  St.  Lawrence,  there  is  a  great  thickness  of  sandstone, 
conglomerate,  and  shales,  referable  to  the  Devonian  period,  and  rich 
in  fossil  plants.  The  conglomerates  occur  in  massive  beds,  one 
of  them  being  156  feet  thick,  including  pebbles  of  white  qu«-ts. 
black  chert,  jaspers  of  various  colours,  porphyries  and  limestoneii, 
with  a  base  of  sandstone.  They  contain  fragments  of  plants  and 
fish-spines  or  Ichthyodorulites  of  the  genera  Onckut  and  Maehara- 
canihum.  Above  these  beds  occur  sandslonea  and  shales  of  great 
thickness,  some  of  the  sandstones  being  ripple-marked.  Towards  the 
upper  pnrt  of  the  whole  series  a  small  seam  of  coal  hu  been  observed 
with  carbonaceous  shale,  measuring  together  about  three  inches  ;  it 
rests  on  a  bed  of  clay,  in  which  are  the  roots  of  Piilophi/tom  (see 
fig.  51S.),  while  stems  and  leaflets  of  the  same  plant  are  met  with 
in  the  shale  above  the  coal,  and  in  the  carbonaceous  shale  associated 
with  it.  At  several  other  levels  strata  much  like  the  fine  clays  of 
the  Carboniferous  period  are  penetrated  vertically  by  the  rootlets  of 
this  same  PsUophyton.\ 

South  Africa. — The  researches  of  Mr.  Bain  and  Mr.  Rubidge,  at 
the  Cape  of  Good  Hope,  have  established  the  existence  of  a  lai^« 
Lower  Devonian  formation  in  that  part  6f  the  southern  hemisphere. 
Curiously  enough,  the  fauna  is  strictly  representative  of  that  in 
northern  regions,  even  to  minute  coincidences.  The  late  Daniel 
Sharps  and  Mr.  Salter  described  many  species  referable  to  Trilobitea, 
{Homalonotut  and  Phacopt),  Annelids  ( Tentaeulittt),  Mollusks, 
{CueuUella),  and  large  species  of  Crinoids  allied  to  JRhodoerinMtf 
he.,  all  of  the  same  genera  as  those  found  in  Cornwall  and  Germany. 

Veff  Nation  of  the  Devonian  Period. 

From  the  works  of  Goppert,  Unger,  and  Bronn,  we  learn  that  the 
fossil  plants  of  the  Devonian  rocks  in  Europe  resemble  generically, 
with   very  few  exceptions,  those  of  the  coal-measures,  and   more 

•  Report  of  Foster  and  Whitney  on       t  Sir  W.  B.  Logan,  Repon  at  GcoL 
Geo).  oT  L.  Soperior,  p.  303.,  Washing-     SarrBj  orCanada,  p.  394.,  1863. 
ton,  18S1. 
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ample  botanical  data  obtained  from  Canada  and  the  United  Stat«B 
lead  to  a  similar  coacluaion  respecting  the  flora  of  the  same  age  in 
America.  Dr.  Dawson,  of  Montreal,  in  an  importKnt  memoir  *  on 
this  subject,  after  enumerating  thirty-two  genera  of  Devonian  plants 
aud  sixty-nine  species  collected  in  the  State  of  New  York  and  in 
Canada,  observeB  that  they  belong  chiefly,  as  in  the  Carboniferous 
period,  to  Gymnosperms  and  Cryptt^ame.  When  we  peruse  his 
catalogue  of  Coni/era,  SigVlaria,  Catamite*,  Aslerophyllilet,  Lepi- 
dodendra,  Lepidottrotn,  and  ferns  of  the  genera  Cyelopteris,  Neu- 
ropterit,  Sphenopteru,  &c.,  tc^ether  with  fruits,  such  as  Cardio- 
earpum  and  Trigonoearpum,  we  might  well  suppose  that  we  were 
presented  with  a  list  of  carboniferous  fossils  ;  and,  if  told  that  the 
species  differed,  and  that  there  was  some  admixture  even  of  genera 
unknown  in  Europe,  we  might  be  inclined  t«  ascribe  such  a  want  of 
agreement  to  geographical  circumstances,  and  especially  to  the  dis- 
tance of  the  New  from  the  Old  World.  But  fortunately  the  coal 
formation  is  most  fnlly  developed  on  the  other  side  of  the  Atlantic, 
and  is  singularly  like  that  of  Europe,  both  lithologically  and  in  a. 
large  proportion  even  of  the  species  of  its  fossil  plants.  There  is 
also  the  most  unequivocal  evidence  of  relative  age  afforded  by  super- 
position, for  the  Devonian  strata  in  tbe  United  States  are  seen  to 
crop  out  from  beneath  the  carboniferous  on  the  borders  of  Penn- 
sylvania and  New  York,  where  both  formations  are  of  great  thick- 
ness. 

On  comparing  the  species  of  the  Middle  Devonian  in  these  coun- 
tries with  those  of  the  Middle  Coal-Measnres,  we  flud  them  all  dis- 
tinct, whereas  some  fetr  species  pass  &om  the  Upper  Devonisu  into 
the  Lower  Carboniferous  rocks.  The  genus  most  ebaractcristic  of 
the  Devonian,  and  not  found  in  the  Coal,  is  one  already  alluded  to, 
namely,  Ptilopkylon,  believed  by  Dr.  Dawson  to  be  a  lycopodia- 
ceous  plant,  branching  dichotomously  (see  P.  prinetpt,  flg.  618.  A), 
with  Items  springing  from  a  rhizome,  A  b,  which  la^t  has  circular 
areoles,  d  e,  much  resembling  those  of  Stigmario,  and  like  it  sendin;; 
forth  cylindrical  rootlets,  as  at  A  e.  The  extreme  points  of  some  of 
the  hranchlets  are  rolled  up  so  as  to  resemble  the  croziers  or  circi- 
nate  vernation  of  ferns,  h  ;  the  leaves  or  bracts,  i,  supposed  to  belong 
to  the  same  plant,  are  described  by  Dawson  as  having  enclosed  the 
fructification.  The  remiuos  of  P»ilophyton  princept  have  been 
traced  through  all  the  members  of  the  Devonian  series  in  Canada 
and  the  State  of  New  York,  Some  under-clays  iu  Gaepe  are  filled, 
as  already  stated,  with  its  vertical  rootlets  just  as  are  the  fire- 
clays of  the  coa.,  both  in  Europe  and  America,  with  those  of 
S  tig  ra  aria. 

One  fragment  of  fossil  wood,  found  some  years  ago  by  Professor 
Hall,  in  a  Devonian  limestone  of  the  Hamilton  group,  on  Lake 
Erie,  has,  according  to  Dawson  |,  the  stractare  of  an  aogiospermous 
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exogen;  but  witU  this  single  exception  the  American  DeTonian 
flora  affords,  like  the  Carbon ife roue,  no  evidence  of  the  existenceor 
plants  of  higher  organization  than  the  gym&osperms. 

The  monotonous  character  of  the  Carboniferous  flora  might  be 
explained  bj  imagining  that  we  have  only  the  vegetation  handed 
down  to  us  of  one  set  of  stations,  consisting  of  wide  swampy  flats. 
But  Dr.  DawBon  supposes  that  the  geographical  conditions  under 
which  the  Devonian  plants  grew  were  more  varied,  (tnd  had  more  of 
an  upland  cbaracter.  If  so,  the  limitation  of  a  flora  represented  by 
■o  many  genera  and  species  to  the  gymnospermous  and  cryplogaraous 
orders,  and  the  absence  of  plants  of  higher  gmde,   admit  of  no 
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explanation  hitherto  adTanced  save  that  afibrded  hj  the  theory  of 
progressive  development.  Notbiog  is  koown  of  the  insects,  land- 
shells,  or  other  terrestrial  animals  which  co-existed  with  this 
Devonian  flora,  but  we  need  not  despair  of  future  discoTeries  ia 
this  direction  when  we  remember  that  slow  as  baa  been  our  pro- 
gress, we  have  at  length  b^un  to  learn  aomething  respecting  the 
terrestrial  fauna  of  the  Coal  period. 

Allusion  has  already  been  made  to  flreshwater  shells  and  to  Lepi- 
dodendraand  ferns  (see  figa.  585.  and  566.  p.  621.)  found  in  Ireland 
associated  with  DeTOQiao  genera  of  fiab. 
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CHAPTER  XXVn. 

BILUSIAN  AND  OAMBBIAW  GBOUPS. 

SilnriiD  itmta  formerly  called  Tnngicion — Term  Gnuoicke — Sabdiniioni  of 
Upper,  Middle,  and  Lover  Siluriaci — Ladlow  fonaition  and  foiailt-~01dect 
known  Temains  oF  fossil  fish — Wsnlock  fomwiioD,  corals,  cystideaos,  triloluUi — 
Middle  Silurian  or  Llandover;  Beds — Lower  Silarian  rocks— Caradoc  and  Bala 
Bedi — Upper  and  Lower  Uandeilo  fonnations — C;stid«c_Trilobites — Qraplo- 
lites — Vast  thickness  of  Lower  Silarian  strata,  sedimentaiy  and  Tolcanic,  in 
Wales — Foreign  Bilnrian  equivalents  in  Enrope^Silarino  strata  of  tbe  United 
States — Amount  of  specific  agreemeDt  of  fbssili  with  those  of  Europe — Canadian 
eqaivalonts — Whether  Silurian  simta  of  deep-sea  origin — Cambrian  rocks — 
ClassiGcatian  and  nomenclature — Barrande's  primordial  fauna — Upper  Cam- 
brian of  Wales — Tremadoc  slates — Lingula  flags — Lower  Cambrian — Loog- 
nTod  group—Oldest  organic  remains  known  in  Europa— Foreign  equiTalenti  of 
the  Cambrian  group — Primordial  aone  of  Bohemia — Characteristic  trilobile* — 
Uetamorpbosi*  of  tnlobites — Alum  schists  of  Sweden  and  Nonraj — Poladam 
sandstone  of  United  States  and  Canada — Footprints  near  Montreal — Qaebec  , 
strata  and  Uuronian  rocks — Minnesota  trilobite* — Bocks  older  than  the  Cam- 
brian— Lanrenllan  group,  Upper  and  Lower — Oldeet  known  fovil,  Eoamt  Cam 
daut — No  remains  of  vertebrate  animals  known  in  strata  below  the  Upper 
Klarian— ProgtesMve  discoverj  of  vertebrata  In  older  rocks—Theoretical  infer- 
ences from  the  rarity  or  ahtenee  of  TettebnU*  in  the  mort  ancient  fosailiforous 


We  come  next  in  the  descending  order  to  tbe  most  andeat  of  the 
primar;  foasiliferoas  rocks,  that  series  which  comprises  the  greater 
part  of  the  striita  formerly  called  "  transition  "  bj  Werner,  for  i«ft- 
soae  explained  in  Chap.  VIII.,  pp.  91.  and  93.  GeologiHts  yterc 
also  in  the  habit  of  applying  to  diese  older  strata  the  general  name 
or  "  gtanwacke,"  bj  which  the  German  miners  designate  a  parti- 
cular rarietj  of  sandstone,  usually  an  aggregate  of  small  fragioeiiie 
of  quartz,  flinty  slate  (or  Lydian  stone),  and  clay-slate  cemented  to- 
gether by  argillaceous  matter.  Far  too  much  importance  has  been 
attached  to  this  kind  of  rock,  as  if  it  belonged  to  a  certain  epoch  in 
The  earth's  history,  whereas  a  similar  sandstone  or  grit  is  found  in 
the  Old  Bed,  and  in  the  Millstone  Grit  of  the  Coal,  and  Bometimea 
in  certMn  Cretaceous  and  even  Eocene  formations  in  the  Alps. 

Tbe  annexed  table  will  explain  to  the  reader  tbe  succesaiTe 
formations  into  which  the  strata  called  Silurian  by  Sir  Kodeaick 
MurchiaoD  may  be  sut>diTided :  — 
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Ch.  XXVII.]      BDRDIVIStONS  OF   SILURIAN   BOCKS. 

VPFER  SILUBIAN  ROCKS. 
I.  Ludlow  Fauunov. 


To.  Domttm  Sandtieiit. — ^Be-gnined  jd- 
I  lowiih  nndBtoDBa  and  hard  ndiliah 
J     prita ;  u  ihe  bM«  ■  "  bone-bed  "  with 


■a.  Afmatry    LatMamt.  —  ArsiUaccou  >     „ 
limsHOTie.  > 


concretioDi,  often  of  large  un. 

9.   WlHLOO  FOMUTIWI. 

'Watloek    ZbhMok.— CoDcretioDU;  Kod 

thick-bedded  limenoiie. 
ji.   WeiUocli   Shale.  —  ArgillMWODB  ihde, 

fre^iuenll}'  fiaptone. 
b.  Woolhop*  LunaloKt  and  Sa^ighihire 
Grii.  —  Argilliiceona    limeMone    and 
replaced  t^  felipuhic 
grit. 


BlKTlaaBDliiiua  ot 


lh«    ButnKwld  s 


Hulu  Hnlliuci 


>Drl   lU- 


UIDDLB  BILUBIAN  ROCKS; 
la-umartAt  Fokkatioit. 

fn,  Tartaoim  Stalt. — Purple  or  pale-co-  ^    ,nnn 
loured  thidce.  i   '"*" 

b.  Mof-HiU  SiuutitaM  amd  PtMiamtnu 
lAmattmt.  —  Nodular  limeMone  and 
dark  gbale ;  calcareona  londiKne,  wiih 
UQderljiag  ooarM  gtiti,  often  rad-co- 
loured. 

(JJandoBtry  Statu. — Hard  Hodetone  and  ")     600 
elate,  ^eqnenllj    iritli    con^omerate 
-   *-  1000 


CrlBoidaa  ud  «nli  Trn 
abumlul)  CruMw;  Mol. 
InuiT^iefly  B»chla- 
Mdai  FautmerU  Unit 


LOVBR  Sn.URIAN  ROCKS. 
I.  Cabadoc  Fonutioh. 

(a,  Caraioe     SmtJiloiu. — Shellj     wad- 
itonee  and  conglmueratea  and  ibalei. 
&.  Bail  Limatmt.  —  ArenaceoBi  linie- 
Mone;  ilate,  and  auiditiHiea  with  trap- 
>.    peu  tnS*. 

S.  LUIIDULO  FOUUTION. 

fa.  DmerUaiuialo — Dark-ooIouredaUua, 
1^  \     witn  calcarcoua  flags  and  tandatonee. 


LHiiKtbmeMHa  1    Cp 
phAlofKitU :       FtttOfKda 

OrKplaULfi  bubodui. 


^FD4lTioftht  HmtfHwni. 
■  IhoH  of  lb*  C^r 


c.  Vekanie  Baelu  eawtwyowwwa  wiA  a.  -i 
awl  ft— Stratified  raffs  <U00  ft.)  I  fels- 
pathic  and  porpbjrriuc  Ltva*  (S&OO  fL).  -' 


rOnule 
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5-18  SUBDIVISIONS  OF   SILUKIAN   BOCEB.      TCs.  XXVU. 

The  Dkine  of  Silurian  w«8  first  proposed  hj  Sir  Roderick  Mur- 
cliison  for  that  great  series  of  fossiliferous  strfttft  which  lie  irnme- 
diatelf  below  the  Old  Ked  Sandstotie,  and  occupy  that  part  of  Wales 
and  some  contiguous  counties  of  England  which  once  constituted 
the  kingdom  of  the  Silures,  a  tribe  of  ancient  Britotu. 


UrPXB  BILDBIAS   BOCKS. 

L  Ludlow  Formation. 

This  member  of  the  Upper  Silurian  group,  as  will  be  seen  hj  the 
above  table,  is  about  800  feet  thick,  and  subdivided  into  two  parts 
— the  Upper  Lndlow  and  the  Lower  Ludlow — *i  or  near  the  top  of 
which  last  occurs  the  ATmestrr  limestone.  Each  of  these  may  be 
distinguished  near  the  town  of  Ludlow,  and  at  other  {riacea  Id 
Shropshire  and  Herefordshire,  hy  peculiar  organic  remains. 

Upper  Ludbno. — a.  DomnUm  Sandstone. — This  uppermost  aub- 
division  was  originally  cltssed  by  Sir  B.  Murchison,  under  the  naine 
of  "  Tilestones,"  with  the  Old  Red  Sandstone,  the  beds  being  often 
of  a  similar  red  colour.  The  whole  was  regarded  as  a  transition 
group  forming  a  passage  from  the  Silurian  strata  ito  Old  Red  Sand- 
stone ;  but  it  is  now  ascertained  that  the  fossils  ^ree  in  great  part 
specifically,  and  in  general  character  entirely,  vith  those  of  the 
underlying  Upper  Ludlow  rocks.  Among  these  are  Otthoetraa 
bttUatum,  Flatjfsehisma  heUeiteM,  SeSerophon  frUobatmt,  Chontttm 
lata,  &c.,  with  numerous  defences  of  fishes.  These  beds  are  well 
seen  at  Kington  in  Herefordshire,  and  at  Downton  Castle  near 
Ludlow,  where  they  are  quarried  for  building. 

Bone-bed.  ~'Th%  bone-bed  of  the  Upper  Ludlovr  deserres  especial 
notice  as  afibrding  the  most  ancient  example  of  fossil  fish  occurring 
in  any  considerable  quantity.  It  usually  consists  of  one  or  two  thin 
brown  layers  full  of  bony  fragments  near  the  junction  of  the  Old  Red 
Sandstone  and  the  Ludlow  rocks,  And  was  first  observed  by  Sir  R. 
Murchison,  near  the  town  of  Lndlow,  where  it  is  three  or  four 
inches  thick.  It  has  since  beeo  traced  to  a  distance  of  45  milea 
from  t^at  point  into  Gloucestershire  and  other  counties,  and  is 
commonly  not  more  than  an  inch  thick,  but  varies  to  nearly  a  foot. 
At  May-Hill  two  bose-beds  are  observable,  with  14  feet  of  interven- 
ing strata  full  of  Upper  Ludlow  fossils.*  At  that  point  immediately 
above  the  upper  flsb'bed  numerous  small  globular  bodies  have  been 
found,  which  were  determined  by  Dr,  Hooker  to  be  tlie  sporangia 
of  a  cryptogamic  land-plant,  probably  lyoopodiaceous.  These  beds 
occur  just  beneath  the  lowest  strata  of  the  "Old  Red,"  forming  the 
uppermost  part  of  the  Downton  sandstone. 

Most  of  the  fish  have  been  referred  by  Agassia  to  his  placoid 
order,  some  of  them  to  the  genus  Onchus,  to  which  the  spine 
(fig.  619.)  and  the  minute  scales  (fig.  620.)  are  supposed  to  belongs 


*  Morehifon'i  SJlurit,  pp.  187-137.. 
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It  has  been  suggested,  however,  that  Onchua  may  be  one  of  those 
Acanthodian  fiah,  referred  by  AgaMiz  to  bis  Gaaoid  order,  vhich 


99 

Bhagnoi-icala  of  1  pUeald  flih' 
BoD>-b«d.    Vfftt  Ludio*. 

are  so  charaoteristic  of  the  base  of  the  Old  Red  Sandstooe  in  For- 

farehire,  although  the  species  of  the  Old  Red  are  all  differeat  from 

those  of  the  Silurian  beds  now  under  con- 

eideratioa.*    The  jaw  and  teeth  of  another 

predaceoM  genus  (fig.  621.)  have  also  been  < 

detected,  together  with  some  specimens  of 

PUratpxt  Luderuii.     As  usual  in  bone-beds, 

the  teeth  and  bones  are,  for  the  moat  part, 

fragmentary  and  rolled. 

b.  Grey  Satuhtone  and  Mudttone,  &c. — The  next  sabdi  vision  of  the 
Upper  Ludlow  consists  of  grej  calcareous  sandstone,  or  very  com- 
monly a  micaceous  stone,  decompoaing  into  soft  mud,  and  containe, 
besides  the  shells  just  quoted,  a  Lingua,  which  is  common  to  it  and 
the  "  Tilestone "  (or  Ledbury)  beds,  al  the  base  of  the  Old  Red. 
The  Ortkit  orhicuiarii,  a  round  variety  of  0.  tlegantula,  is  charac- 
teristic of  the  Upper  Ludlow  ^  and  the  lowest  or  mudstone  beds 
coDtaiD  Hhynehonella  navicula  (fig.  623.),  which  is  common  to  this 
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bed  and  the  Lower  Ludlow.  As  usual  in  strata  of  the  Primary 
periods,  older  than  the  coal,  the  brachiopodous  moUusca  greatly 
outnumber  the  lamellibrancbiate  (see  above,  p.  53S.)  ;  but  the  latter 
are  by  no  means  unrepresented.  Among  other  genera,  for  example, 
we  observe  Aoieula  and  Plerirwa,  Cardiola,  Ctenodonta  (snbgenus 
of  Nuculd),  Ort&onota,  and  Modiola. 

Some  of  the  Upper  Ludlow  eandatonee  are  ripple-marked,  thus 
affording  evidence  of  gradual  deposition  ;  and  the  same  may  be  said 
of  the  accompanying  fine  argillaceous  shales  which  are  of  great  thick* 
ness,  and  have  been  provincially  named  "  mudatonea."  In  some  of 
these  shales  atoms  of  crinoidea  are  found  in  an  erect  position,  having 

*  Powiie,  QeoL  Qoart.  Joorn.,  voL  zz.  p.  43S. 
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5.jO  atvestst  limestone.  [Cm.  zxvii. 

eTJilently  become  fossil  on  the  epoU  where  Xhey  grew  at  the 
bottom  of  the  aea.  The  facility  with  which  these  rocks,  when  ex- 
posed to  the  weather,  are  resolved  into  mud,  proves  that,  notwith- 
standing their  antiqnitj,  they  are  nearly  in  the  slate  in  which  they 
were  first  thrown  down. 

Lower  Ludloio.^^.  AynuUry  Limeitona. — The  next  group  is  m 
eubcryslalline  and  argillaceous  limestone,  which  is  in  some  places 
50  feet  thick,  and  distioguished  around  Aymestry  and  at  Sedgley 
by  the   abundance  of  Peniamervt  Knightn,  Sow.  (fig.  624.),  al&o 


found  in  the  Lower  Ludlow.  This  genua  of  brachiopoda  was  first 
found  in  Silurian  strata,  and  is  exclusively  a  palsosoic  fono. 
The  name  was  derived  from  ittyTt,  pente,  five,  and  fitpoQ,  meros,  a 
part,  because  both  valves  sre  divided  by  a  ceatral  septum,  making 
four  chambers,  and  in  one  valve  the  septum  itself  contains  a  small 
chamber,  making  five.  The  sizeof  these  septa  ia  enormous  compared 
with  those  of  any  other  brachiopod  shell ;  and  they  must  nearly  have 
divided  the  animal  into  two  equiJ  halves  ;  but  they  are,  neverthe- 
less, of  the  same  nature  aa  the  septa  or  plates  which  are  found  in  the 
interior  of  Spirifer,  Terebratula,  and  many  other 
Fi|.  s».  ahella  of  this  order.     Messrs.  Murchison  and  De 

Verneuil  discovered  this  species  dispersed  in 
myriada  through  a  white  limestone  of  Upper 
Silurian  age,  on  the  banks  of  the  Is,  on  the 
eastern  flank  of  the  Urals  in  Russia,  and  a  eimikr 
species  is  frequent  in  Sweden. 

Three  other  abundant  ehellt  in  the  Aymestry 

limestone  are,  let,  Lingula  LeteUii  (fig.  625.);  Snd, 

Rhynchonella  fVilsotii,  Sow.  (fig,  626.),  which  is 

z^ifafn  Lrvitii,     Also  common  to  the  Lower  Ludlow  and  Wenlock 

AMg^icj^iii,.       limestone  j  3rd,  Alrypa  reticularit,  Linn.  (fig.  627.), 

which  has  a  very  wide  range,  being  found  ia  every 

part  of  the  Upper  Silurian  system,  and  aa  far  down  aa  the  Lowtr 

Llandovery  rocks. 

The  Aymestry  Limestone   contains  so  many  shells,  corals,  and 
trilobites,  agreeing  specifically  with  those  of  the  subjacent  Wenlock 
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limeBtone,  that  it  is  scarcely  distiaguisbable  rrom  it  bj  ita  foanils 

alone.     Nevertheless,  many  of  the  organic 

remaioB  are  common  to  the  Aymestry  lime-  ^'»-  *"■ 

stone  and  the  Upper  Ludlow,  and  severa 

of  these  sre  not  found  in  the  Wenlock.* 

According  to  Mr.  Lightbodjr,  the  Ay- 
mestry limestone  should  be  considered  as 
subordinate  to  the  Lower  Ludlow  shales 
next  to  be  mentioned,  aa  in  some  places 
these  eboles  with  their  characteristic  fossils 
occur  both  above  and  below  it.f 

b.  Lower  Ludlow  Shale. — This  mass  is  a 
dark  grey  argillaceous  deposit,  containing, 
among  other  fossils,  many  large  chambered 

shells  of  genera  scarcely  known  in  newer  /•Ani«to«i-n(  •mrnian*,  J-Sov 
rocks,  aa  the  Pkragmoceras  of  Broderip,  '•°^^l^^"i^'^ 
and    the    Trochocerai  of    Barrande   (see 

RgB.  628,  629.).  The  latter  is  partly  straight  and  partly  convoluted 
in  a  very  flat  spire. 

The  Ortkocerat  Ludense  (fig,  630.),  as  well  as  the  cephalopod  last 
meotioned,  ia  almost  peculiar  to  this  member  of  the  scries. 

A  species  of  Graptollte,  G.  Lvdensis,  Murcb.  (tig.  640.  p.  556.),  a 
form  of  zoophyte  or  polyp  which  has  not  yet  been  met  with  in  strata 
above  the  Silurian,  occurs  plentifully  in  the  Lower  Ludlow. 
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Fn(iHM  of  Oriktetm  iMtim.  J.  Saw. 


Starfish,  as  Sir  R.  Mnrchuon  poiDts  out,  are  bj  no  means  rare  in 
tbe  Lower  Ladlow  rock.  These  foesils  present  ua  with  new  ^nera, 
but  the;  remind  ns  of  various  living  forms  now  fonnd  in  our  British 
seas,  both  of  the  families  AiUriada  and  OpAiurida. 

Oldett  known  fot*U  JUh.. — In  18SS,  when  the  last  edition  of  this 
work  was  published,  I  was  unable  to  cite  any  example  of  a  fbeail 
fish  older  than  the  bone-bed  of  the  Upper  Ludlow,  but  in  1859  a 
specimen  of  Fteraspis  was  found  at  Church  Hill,  near  Leintwardine 
in  Shropshire,  by  Mr,  J.  E.  Lee  of  Caerleou,  F.G.S.,  in  shale  bdow 
the  Aymestry  limestoDe,  associated  with  fossil  shells  of  tbe  Lower 
Ludlow  formation — shells  which  differ  considerably  from  those  cba- 
racterieing  tbe  Upper  Ludlow  already  described. 

Tbe  genus  Pleratpit,  as  we  have  seen  (p.  528.),  is  regarded  by 
Prof.  Huxley  as  allied  to  the  Sturgeon,  and  therefore  by  no  means  of 
low  grade  in  the  piscine  class.  Hence  its  detection  in  the  rocks  lower 
in  the  series  than  those  to  which  the  earliest  known  vertebrata  bad 
previously  been  traced,  is  a  fact  of  no  slight  interest ;  for  they 
who  have  full  faith  in  the  doctrine  of  progressive  development  will 
naturally  expect  to  meet  with  tbe  earliest  vestiges  of  the  piscine 
class  in  still  more  aucient  strata.  They  may  look,  for  example,  in 
tbe  Lower  Silurian,  or  in  the  Cambrian  rocks,  for  representatives  of 
such  orders  as  the  Marsipobranchii  and  Fharyngobranchii,  to  which 
the  Lamprey  and  Amphioxut  respectively  belong.  Professor  Hoxley 
remarks  that  some  might  argue  that  fish  of  those  orders  may  be 
absent  from  the  older  rocks  for  the  same  reason  that  tbey  are 
entirely  missing  in  all  the  newer  ones,  whether  palasotoic  or  neoioic, 
namely,  because  they  are  without  bony  skeletons  or  bard  scales.* 
But  the  same  author  reminds  us  that  the  Lampreys  at  least  might 
have  left  some  definite  traces  of  their  horny  teeth.  Besides,  the 
advocates  of  progression  would  scarcely  be  satisfied  with  such  a 
way  of  accounting  for  tbe  total  absence  of  all  traces  of  ichthyolites  in 
strata  more  ancient  than  the  Upper  Silurian,  for,  according  to  them, 
the  earliest  types  of  each  class  resembling  the  embryonic  states  of 
more  highly  organized  beings,  exhibit,  when  they  are  first  developed, 
a  great  diversity  of  form  and  structure,  as,  according  to  their  view,  did 
the  batrachoid  reptiles  before  the  true  saurians  came  into  existence, 
or  the  saurians  before  the  placental  mammalia  had  entered  on  tbe 
stage.  Each  primitive  type,  whether  vertebrate  or  invertebrate  when 
*  llemoin  of  Surrey  Decade,  vol  x.  p.  *0. 
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first  it  became  domia&nt  and  bod  the  world  to  itself,  nncbecked  in 
its  straggle  for  life  by  the  competition  of  rivals  of  more  advanced 
structure,  deviated  in  shape  and  organization  in  an  infinite  vanety 
of  ways,  sometimes  imitating  in  certain  of  its  characters  beings  of 
higher  grade.  Under  favourable  conditions  of  this  kind,  we  might 
expect  some  members  of  the  lamprey  and  AmpAiomu  orders  to  have 
exchanged  a  gelatinous  or  semi-cartilaginons  spinal  cord  for  an 
ossified  one,  or  to  have  acquired  hard  and  scaly  dermal  coverings, 
or  even  to  Have  been  armed  with  teeth  of  more  than  horny  consis- 
tency, and  this  without  departing  from  the  types  of  their  respective 
orders.  Had  any  such  fossils  been  found  in  Tery  ancient  rocks,  the 
progressionists  would  certainly  have  claimed  them  triumphantly  as 
corroborating  their  views,  and  they  are  therefore  bound  in  fairness  to 
draw,  from  the  absence  of  such  remains  in  ancient  strata  which  teem 
with  organic  forms,  one  of  two  conclusions  ;  namely,  either  that  the 
progressive  theory  is  doubtful,  or  that  we  can  place  no  reliance  what- 
ever on  negative  evidence  as  estftblishing  the  non-existence  of 
certain  types  at  remote  eras.  The  latter  is  the  alternative  to  which 
it  appears  to  me  we  ought  to  incline  in  the  present  State  of  our 
knowledge. 

2.  Wenlock  Formation. 

We  next  come  to  the  Wenlock  formation,  which  has  been  divided 
(see  Table,  p.  547.)  into  the  Upper  Wenlock,  or  Wenlock  Limestone, 
and  the  Lower  Wenlock,  including,  first,  the  Wenlock  shalei,  and 
secondly,  the  Woolhope  limestone  and  Denbighshire  grits. 

Upper  WetiUich.—  Wenlock  Limetlone.— This  limestone,  otherwise 
well  known  to  collectors  by  the  name  of  the  Dudley  limestone,  forma 
a  continuous  ridge  in  Shropshire,  ranging  for  fii.mi 

about  20  miles  from  S.W.  to  N.E.,  about  a 
mile  distant  from  the  nearly  parallel  escarp- 
ment of  the  Aymestry  limestone.  This  ridgy 
prominence  is  due  to  the  solidity  of  the  rock, 
and  to  the  softness  of  the  shales  above  and 
below  it.  ^ear  Wenlock  it  consists  of  thick 
masses  of  grey  subcry stall  ine  limestone,  re- 
plete with  corals  and  encrinites.  It  is  es- 
sentially of  a  concretionary  nature  ;  and 
the  concretions,  termed  "  ball-stones "  in 
Shropshire,  are  often  enormous,  even  80  feet 
in  diameter.  They  are  of  pure  carbonate  of 
lime,  the  surrounding  rock  being  more  or  less 
argillaceous.'  Sometimes  in  the  Malvern  i<.T  Sf □"rafn^Mm  n'Mfanwii 
Hills  this  limestone,  according  to  Professor  lurlai.  ^""  *"''  ^"'  ** 
Phillips,  is  oolitic. 

Among  the  corals  in  which  this  formation  is  so  rich,  the  "  chain- 
coral,"  Balyiitei  catenulariut,  or  Catenipora  eieharoidei  (fig.  631.), 
may  be  pointed  out  as  one  very  easily  recogniied,  and  widely  spread 
in  Europe,  ranging  through  sJl  parts  of  the  Silurian  group,  from 
*  HnrebiiMi's  Siloria,  chap.  vi. 
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the  Aj'megtrj  limestone  to  oear  the  bottom  of  the  series.  Another 
coral,  the  Favotitet  Golhlaudiea  (Gg.  632.),  is  abo  met  with  in  pro- 
fusion in  large  hemispherical  mtisscB,  which  break  up  into  prismatic 
fragments,  like  that  here  figured  (fig.  632.).  Another  common  form 
in  the  Wenlock  limestone  it  the  Omphr/ma  (fig.  633.),  which,  like 


many  of  its  companions,  reminds  ua  of  some  modern  cnp-corals,  but 
all  the  Silurian  genera  belong  to  the  palnoEoic  tjpe  before  men- 
tioned (p.  511.),  exhibitiog  the  quadripartite  arraogement  of  the 
laroelltB  within  the  cup. 

Among  the  numerous  Crinoids,  several  peculiar  species  of  Cya- 
thocrinut  (for  genus,  see  figs.,  p.  513.)  contribute  their  calcar«ous 
stems,  arms,  and  cups  towards  the  composition  of  the  Wenlock  lime- 
stone. Of  Cystideans  there  are  a  few  very  remarkable  forms,  some 
of  them  peculiar  to  the  Upper  Silurian  formation,  as,  for  example, 
tlie  P$eudoerinites,  which  was  furnished  with  pinnated  fixed  arms*, 
as  represented  in  the  annexed  figure  (fig.  633.). 

The  Brachiopoda  are,  many  of  them,  of  the  same  species  aa  those 
of  the  Aymestry  limestone ;  as,  for  example,  Atrypa  reticularis  (dg. 
627.  p.  551.),  and  Strophomena  depretia,  Sow.  sp.  (fig.  635.)  ;  but 
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tbe  latter  species  range  also  from  the  Ludlow  rocks,  Wenlock  shale, 
and  to  the  Csradoc  Sandstone.  There  are  some  species,  however, 
peculiar  to  the  Upper  Wenlock,  of  the  genera  Rhj/Hckonella,  Selzia, 
Sptri/er,  Aikyrii,  &c. 

The  CrustaceaQB  are  repreaented  almost  exclusively  by  Trilobites, 
which  are  very  conspicuous.  The  Catymene  Blumenba^hiiy  called 
the  "  Dudley  Trilobite,"  was  known  to  collectors  long  before  its  true 
place  in  the  animal  kingdom  wbb  ascertained.  It  is  often  found 
coiled  up  like  the  common  Onitcut  or  wood-louse^  and  this  is  so 
common  a  circumstance  among  the  trilobites  as  to  lead  us  to  conclude 
that  they  mast  have  habitually  resorted  to  this  mode  of  protecting 
themselves  when  alarmed.  The  other  common  species  is  the  PHacops 
cattdatus  {Ataphut  eavdatus),  Brong.  (see  fig.  637-)>  and  this  is  con- 
spicuous for  its  large  size  and  flattened  form.  Spharexoehtts  miru* 
(fig.  638.)  is  almost  a  glohe  when  rolled  up,  the  forehead  of  this  species 

Fig.«M. 


Pkatopl  (iinflHit)  CBt^alBt,  Brong. 
.WMlrxk,  AjxBHIrT,  uhI  LudloK  ruekt. 

being  extremely  inflated.     The  Homahnotui,  a  form  of  Trilobite  in 

which  tbe  tripartite  division  of  the  dorsal  crust 

is  almost  lost  (see  fig.  639.),  is  very  characteristic  ^f-^*- 

of  this  division  of  the  Silurian  series  ;  and  there 

are  numerous  other  genera  and  species. 

Lower  fVmloeh. — a.  ffenlock  A'Ao/e.— This,  ob- 
serves Sir  K.  Murchison,  is  infinitely  the  largest  j 
and   most    persistent  member    of  the    Wenlock  1 
formation,   for    the    limestone    often    thins    out 
and  disappears.     The  shale,  like  the  Lower  Lud- 
low, often  contains  ellipticsl  concretions  of  im- 
pure earthy  limestone.     In  the  Malvern  district 
it  is  a  mass  of  finely  levigated  argillaceous  matter, 
attaining,  according  to  Prof.  Phillips,  a  thickness 
of  640  feet,  but  it  is  sometimes  more  than  1000  feet 
thick  in  Wales,  and  is  worked  for  flagstones  and 
slates.     The  prevailing  fossils,  besides  corals  and 
trilobites,  and  some  crinoids,  are  several  small 
species  of  Orthit,   Cardiola,  and  numerous  thin-    ^m.khik.  d-miJ 
shelled  species  of  Orthoeeratilei.     More  than'one     *'""'■  *"*■ 
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species  of  GraptoliU,  a  group  of 

"  soophvtes  before  alluded  to  as  beiug 

''"*«^^^^^5^^  conflned  to  Silurian  rocks,  ia  very 

''Tlldi^'Ii.d  wSii  "s'bJiI,'.?"'        abundant  in  this  shnle,  and  occurs 

more  sparingly    in   "  the  Ludlow." 

Of  these  foaails,  which  are  more  characteristic  of  the  Lower  Silurian, 

I  shall  B%B.\a  speak  in  the  sequel  (p.  561,). 

b.  Woolhope  Limetlojte  and  Grit. — Though  not  always  recognited 
tn  a  separate  subdivision  of  the  Wenlock,  the  Woolfaope  beds  which 
underlie  the  Wenlock  shale  are  of  great  importance.  TTsuaUj  tb^ 
occur  as  massive  or  nodular  limestones,  underlaid  b;  a  fine  shale  or 
flagstone ;  and  in  other  cases,  as  in  the  noted  Denbighshire  sandslones, 
as  a  coarse  grit  of  verj  great  thickness.  This  grit  forms  mountain 
ranges  through  North  and  Soutli  Wales,  and  is  generally  marked  bjr 
the  great  sterility  of  tiie  soil  where  it  occurs.  It  contains  the  usual 
Weulock  fossils,  but  with  the  addition  of  some  common  in  the 
uppermost  Ludlow  rock,  such  as  Chonetes  lata  and  Belletop/itm 
trUobaOu.*  The  chief  fossils  of  the  Woolhope  limestone  are  IlUenii* 
BarrUtuii,  Homalonotus  delpkinocepkaitts  (fig.  639.),  Strophomtna 
imbrex,  and  Rhynehonella  WiUom  (fig.  626.).  The  latter  atUins 
in  the  Woolbope  beds  an  unusual  size  for  Ute  species,  the  speci- 
mens being  sometimes  twice  as  large  as  those  found  in  the  Wenlock 
limestone. 

MIDDLE   SILUHIAH  BOCEB. 

Upper  Llandovety.—a.  Tarannon  thaU. — Next  below  the  Wen- 
lock  formation  are  found  in  some  places  the  Tarannon  shales  or 
pate  slates,  sometimes  purple,  which  are  of  small  thickness  near 
Llandovery,  but  acquire  large  dimensions  at  Tarannon  in  Mont- 
gomeryshire, being,  according  to  Bamsay,  about  1000  feet  thick  in 
that  locality  :  according  to  Mr.  Jukes  and  Mr.  Aveline,  they  form 
a  band  of  great  persistence,  extending  from  Llandovery,  through 
Radnor  and  Montgomery,  to  North  Wales.  Fossils  are  rare  in 
them,  and  most  of  them  are  of  species  common  to  the  Wenlock  for- 
mation. 

6.  May-Sill  Sandstone. — ^Next  in  descending  order  comes  the 
May-Hitl  sandstone,  which  may  be  advantageously  studied  at  May- 
Hill  in  Gloucestershire  and  in  the  Malvern  and  Abl^erley  Hilb;  its 
position  was  first  accurately  determined  by  Prof.  Sedgwick,  who 
considered  it  as  the  true  base  of  the  Upper  Silurian  rocks.  In  the 
Malvern  range  it  attains  a  thickness  of  GOO  feet  These  beds  were 
formerly  called  Upper  Caradoc,  when  they  were  supposed  to  be  part 
of  the  Caradoc  formation,  to  be  mentioned  in  the  sequel ;  but  this 
nomenclatura  has  been  abandoned  for  good  reasons,  with  which  I 
need  not  hero  detain  the  reader.  They  are  named  Upper  Dan-' 
dovery  by  Sir  R.  Murchison  in  the  last  edition  of  his  "  Siluria."  Con- 
jointly with  the  Lower  Llandovery  rocks,  they  have  been  called  the 

*  Sedgwick,  QBUt.  0«oL  Jonni.,  vol  i.  p.  ao.,  1S49. 
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Fentamertis  beds,  becaase  Pentameru*  lavu  is  verj  abundant  in 
them,  ft  bracbiopod  WKnting  botb  in  tbe  Upper  and  Lower  Silurian. 
It  ie  usually  accompanied  by  P.  oblongut,  wbich  some  zoologists 


conaider  aa  the  yonng  of  P.  lavit,  others  as  a  distinct  species  :  both 
formi  hare  a  wide  geographical  range,  being  also  met  with  in  tbe 
same  part  of  tbe  Silurian  eeries  in  Russia  and  the  United  States. 

Tbe  Ma^Hill  or  Upper  LUndoverj  group  sometimes  consists  of 
a  conglomerate,  but  oftener  of  limestones  and  shales,  especially  in 
tbe  upper  parL  It  ranges  from  the  skirts  of  the  Longmynd  bj 
Builth,  Llandovery,  and  LlandeiH  to  tbe  sea  in  Marlow's  Say, 
where  it  ii  particalarly  well  exhibited  in  the  cliffs.  Tbe  con- 
glomerate  is  derived  from  tbe  waste  of  the  Lower  Silurian  rocks. 
About  sixty  species  of  fossils  are  known  in  tbe  May-Hill  division, 
more  than  half  of  which  are,  according  to  Mr.  Salter.  Weulock 
species.  Tbey  consist  of  trilobites  of  the  genera  lUeFnut  and  Cafy' 
jntrtt;  Brocbiopodsof  the  genera  Orthi*, 
Atrypa,  Leptana,  Penlamervi,  Stropho-  *'  **'" 

metut,  and  others  ;  Gasteropods  of  the 
genera  Turbo,  Murehuonia,  and  Belle- 
rophon ;  and  Fteropods  of  tbe  genus 
Ctmularia.  Tbe  Brachiopods  are  al- 
most all  Upper  Silurian  species. 

Among  the  fossils  of  the  May-Hill       rawKWitei  mhUiu,  schiM. 
shelly  sandstone  at  Malrern,  Tentacu-  vrpHUtKao^nt *ai'ct*-^'uad. 
lUes   annuiaitu  (fig.  642.),   an  annelid    """'kuTuV,  ua'^Ss*."™- 
probably  allied    to   Serpula,  is   found. 
It  is  also  abundant  in  the  Caradoc  or  Lower  Silurian. 

Llandovery  Rocki  (Lower  Llandovery  of  Murchison). — Below  the 
May-Hill  group  are  tbe  Llandovery  Rocks,  so  named  from  r  town 
in  South  Wales,  where  tbey  ore  well  developed  and  where  they  are 
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overUid  unconformably  by  the  eqniTalent  of  the  Maj-Htll  sandatoDe. 
Tfaej  consist  chiefly  of  hard  atatj  rocks,  with  bands  of  saudatone 
and  beds  of  conglomerate  from  €00  to  1000  feet  in  thickness.  The 
fossils,  which  are  somewhat  rare,  consist  of  twenty-eight  known 
species,  some  few  peculiar,  a  part  agreeing  with  the  Maj-Hill  beds 
and  the  rest,  sixteen  in  number,  belonging  to  Lower  Silurian  species ; 
besides  these,  no  less  than  fiftj-four  species  of  fossils  are  given  by 
Sir  B.  Murchison  as  common  to  the  Lower  Silurian  (Caradoc)  and 
the  Wenlock  formations,  and  we  cannot  doubt  that  all  these  existed 
in  the  intermediate  Llandovery  and  May-Hill  periods. 

The  whole  May-Hill  and  Llandovery  series  has  been  considered 
by  some  geologists  as  constituting  beds  of  passage  between  the 
Lower  and  Upper  Silurian,  while  others  have  assigned  to  it  the 
rank  of  a  Middle  Siluricm  group.  It  may,  with  some  reason,  be 
objected  that  the  number  of  peculiar  fossils  are  not  sufficient  to 
entitle  it  to  so  important  a  distinction  ;  but  there  is  no  small  diffi- 
culty  at  present  in  adopting  any  other  classification.  The  two  for- 
mations, the  May-Hill  and  the  Llandovery,  are  intimately  connected 
by  their  fossils,  the  Lower  having  about  two-thirda  of  its  species 
common  to  the  tipper  zone.  Again,  half  the  species  of  the  Llandovery 
pass  down  into  the  Lower  Silurian,  just  as  half  the  May-Hill 
species  pass  up  into  the  Wenlock.  In  England  we  might  draw  the 
line,  as  Sir  R.  Murchison  inclines  to  do,  between  Upper  and  Lower 
Silurian  by  classing  the  May-Hill  with  the  higher  division,  and  the 
Llandovery  with  the  lower  ;  but  in  countries  where  there  is  no  ud- 
Gonfbnnabilitj  of  strata  between  the  two  zones,  such  a  line  of 
demarcation  between  the  middle  of  the  Pentamerus  beds  would  be 
impracticable.  It  has  been  sometimes  suggested  that  we  might  form 
a  better  tripartite  division  of  the  Silurian  rocks  by  including  the 
Wenlock  with  the  May-Hill  and  Llandovery  beds  as  a  middle 
group,  classing  the  two  Ludlow  formations  as  Upper,  and  the  Cara- 
doc  and  Llandeilo  formations  as  Lower  Silurian;*  but  I  am  not 
prepared  to  adopt  so  great  a  change  in  the  generally-received  claMi- 
fieation. 

LOWSB  BILDBIAJT  BOCK3. 

Caradoe  and  Bala  Bedt. — The  Lower  Silurian  has  been  divided 
into — 1st,  Caradoe  Sandstone  and  Bala  Beds;  2ndly,  the  Llandeilo 
Flags  ;  and  Srdly,  the  Lower  Llandeilo  or  Arenig  formation.  The 
Caradoe  sandstone  was  ori^nally  bo  named  by  Sir  R.  L  Hurehieon 
from  the  mountain  called  Caer  Caradoe  in  Shropshire  ;  it  consists  (rf' 
shelly  sandstones  of  great  thickness,  and  sometimes  containing  much 
calcareous  matter.  The  rock  is  frequently  laden  with  the  beautiful 
trilobite  called  by  Murchison  TWntccfetw  Caraetaei  (see  fig.  647. 
p.  559.),  which  ranges  from  the  base  to  the  summit  of  Uie  forma- 
tion, usually  accompanied  by  Strophomena  grandU  (see  fig.  645.), 
and  Orthit  vetpertHia  (fig.  644.),  with  many  other  fosails. 

*  Sm  Bepon  of  Caoada  Somj  Tabic  of  £qDiT«l«Dt%  p.  931,  I SM. 
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nt><M.  FJ(.«|S. 


OnUi  trtperuut,  Sow.  simpiamimi  (Or(Wi)(miifi>,  Bownby. 

ST  W»l«,  Hortwiy,  ShniiMhln ;  ■!■«  ConliMs, 


Burmeistar,  in  bis  work  od  the  orgftnization  of  trilobites,  supposea 
them  to  hare  swum  at  the  surface  of  the  water  io  the  open  sea  aud 
near  coaeta,  feeding  on  smaller  mariDe  animals,  and  (o  have  had  the 
power  of  rolling  themselTes  into'  a  hall  as  a  defence  against  injury 
He  was  also  of  opinion  that  they  underwent  various  trans rormati on s 
analogous  to  those  of  living  crustaceans.  M.  Sarrande,  author  of  an 
admirable  work  on  the  Silurian  rocks  of  Bohemia,  confirms  the 
doctrine  of  their  metamorphoBie,  having  traced  more  than  twenty 
species  through  different  stages  of  growth  from  the  young  state  just 
after  its  escape  from  the  egg  to  the  adult  form.  He  has  followed 
some  of  tbem  from  a  point  in  which  they  show  no  eyes,  no  joints  to 
the  body,  and  no  distinct  tail,  up  to  the  complete  form  with  the  full 
numher  of  segments.  This  change  is  brought  about  before  the 
aaimal  has  attained  a  tenth  part  of  its  flill  dimensions,  and  hence 
such  minute  and  delicate  specimens  are  rarely  met  with.  Some  of 
his  figures  of  the  metamorphoses  of  the  common  TVinuc/etu  are 
copied  in  the  annexed  wood-cuts  (figs.  646,  647.). 


^^P] 


}c*aU.  TtH  laanh,  IHh,  nd 
pradund,  prob^lr  wh  Haw 
tin  iniBui  BVBiud  in  tnui. 


In  Mr.  Salter's  monograph  of  the  British  trilobites,  he  expresses 
his  <^iniou  that  their  habit  was  to  live  on  ihe  sea-bottom  and  devour 
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the  Bilt  charged  with  organic  matter  ae  aea-worme  do,  or  elee, 
possibly,  to  devoQr  the  worms  themselves.  He  supposes  the  trilobite 
to  have  hod  no  jaws,  and  to  hare  been  provided  with  a  suctorial 
month* 

It  has  been  ascertained  that  a  great  tbickneu  of  elat^  and  cr78- 
talline  rocks  of  Sonth  Wales,  as  well  as  those  of  Snowdon  and  Bala 
in  Korth  Wales,  which  were  ftrat  supposed  to  be  of  older  dat«  than 
the  Silurian  Bandstones  and  mudetonee  of  Shropshire,  are  in  fact 
identical  in  age  with  the  Caradoc  formation  now  under  considera- 
tion, and  contain  the  same  organic  remains.  At  Bala  in  Merioneth- 
shire, a  limestone  rich  in  fossils  occurs,  and  below  it  sandstones 
some  thousands  of  feet  in  thickness.  In  this  limestone  several  rare 
BtarfiBhes  are  found,  and  abundance  of  those  peculiar  bodies  called 
Cystida,  These  last  are  amongst  the  most  recent  additions  made  hj 
paleontologists  to  the  Radiafa.  Their  structnTe  and  relations  were 
first  elucidated  ia  an  essaj  published  by  Von  Buch  at  Berlin  io 
1845.  They  are  the  SpharoniUt  of  old  authors,  and  are  usnallj' 
met  with  as  spheroidal  bodies  covered  with  polygonal  plates,  with  a 
mouth  on  the  upper  side,  and  a  point  of  attachment  for  a  stem 
(which  is  almost  always  broken  off)  on 
^■^ '  the  lower  (fig.  648.  6).  They  were  con- 

sidered by  Professor  E.  Forbes  as  inter- 
mediate between  the  crinoids  and  echi- 
noderms.     The  EcAinotpharonite  here 
represented  (fig.  648.)  is  characteristic 
of  the  Caradoc  beds  in  Wales  f,  and  of 
their  equivalents  in  Sweden  and  Russia. 
With  it  have  been  found  several  other 
genera  of  the   same  family,    soch    as 
Spharonitei,  Hemieoimitti,  ftc.  Among 
£cU<Hnik«rtM>  taMau.  Bicbwiid.  ip.  the  molluBCa  are  Fteropods  of  the  eenus 
a.  nonih.  CottuUarta  of  large  size  (for  genus,  see 

^'i^am^^a'^-s^^  fig.  611.  p.  636.);  Graptolites  are  rar*, 
except  in  peculiar  localities  where  black 
mud  abounds.  The  formation,  when  traced  into  South  Wales  and 
Ireland,  assumes  a  greatly  altered  mineral  aspect,  but  still  retains 
its  characteristic  fossils.  In  Tyrol  it  is  especially  rich  in  ot^aoic 
remains.}  It  is  worthy  of  remark  that,  when  it  occurs  under  the 
form  of  trappean  tuff  (volcanic  ashes  of  De  la  Heche),  as  in  the  crest 
of  Snowdon,  the  peculiar  species  which  distinguish  it  from  the 
Llaudeilo  beds  are  still  observable.  The  formation  generally  appears 
to  be  of  shallow-water  origin,  and  in  that  respect  is  contrasted 
with  the  group  next  to  be  described.  Professor  Ramsay  estimates 
the  thickness  of  the  Bala  Beds,  including  the  coiit«mporaneau! 
volcanic  rocks,  stratified  and  unstratifled,  as  being  from  10,000  to 
12,000  feet  in  thickness. 
Llandeilo   Flaps. — The  Lower  Silurian  strata  were  originnlly 

■  Falaontc^Taphica,  voL   zri.  p.  S.,    and  Htm.  Qeol.  Surv.,  vol  ii.  p.  518. 
1864.  }  See  PortlodL'i  Report  of  Loodoa- 

t  Qturt.  Q«oL  Jonra.,  vol.  vij.  p.  1 1.  j     derry,  1B4S. 
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divided  hj  Sir  R.  Murchison  into  the  upper  group  already  described, 
under  the  name  of  Caradoc  Sandstone,  and  a  lower  one,  called,  from 
a  town  in  Caermarthen shire,  the  Llandeilo  flags.  The  lastmoD' 
tioned  strata  consist  of  dark-coloured  micaceous  flags,  frequently 
calcareous,  with  a  great  thickness  of  shales,  generally  block, 
below  them.  The  same  beds  are  also  seen  at  Builth  in  Radnorshire, 
and  here  they  are  interstratified  with  volcanic  matter. 

A  still  lower  part  of  the  Llandeilo  rocks  consists  of  a  black  car- 
bonaceous slate  of  great  thickness,  frequently  containing  sulphate  of 
alumina,  and  BOinetimes,  as  in  Dumfriesshire,  beds  of  anthracite. 
It  ha«  been  conjectured  that  this  carbonaceous  matter  may  be  due  in 
great  measure  to  large  quantities  of  embedded  animal  remains,  for 
the  number  of  Graptolitea  included  in  these  slates  was  certainly  very 
great.  I  collected  these  same  bodies  in  great  numbers  in  Sweden  and 
Norway  in  1835-.6,  both  in  the  higher  and  lower  graptolittc  shales 
of  the  Silurian  system  ;  and  was  informed  by  Dr.  Beck  of  Copen- 
hagen that  they  were  fossil  soophytes  related  to  the  Virgularia  and 
Pennatula,  genera  of  which  the  living  species  now  inhabit  mud  and 
slimy  sediment.  Some  of  our  most  eminent  naturalists  still  hold  to 
this  opinion,  others  refer  them  to  Bryozoa. 


Sbnpahin  i  Wain  i  Sv«l«,  tc 
UmdallB  Bm*' 


• 


Mmnnta  ftTtfimu,  Burud*.  DtTtt'f—/iillmm,  HltlUfM. 

SeoUmiu):  Buhtnlai  Suoiiy.  DumlVtMihlrt  i  Swrntao. 

liudiUo  bp.  IJukMUi  flip. 

The  hrachiopoda  of  the  Llandeilo  flags,  which  are  very  abundant, 
are  in  the  main  the  same  as  those  of  the  Caradoc  Sandstone,  but 
the  other  moUusca  are  in  great  part  of  different  species. 

In  Enrope  generally,  as,  for  example,  in  Sweden  and  Russia,  no 
shells  are,  so  characteristic  of  this  formation  as  Orthoceratites. 
usually  of  great  size,  and  with  a  wide  siphuncle  placed  on  one 
side  instead  of  being  central  (see  fig.  653.).  The  same  form  also 
occurs  in  the  Bala  beds  in  England.  Among  other  Cepbalopods  in 
the  Llandeilo  flogs  are  Lituitei  (see  ftg.  629.) ;  in  the  same  beds  also 
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are  found  Bellerophon  (eee  fig.  577.  p.  516.)  and  BOme  Fteropod  sbells 
i^Conularta,  Theca,  &c.),  also  in  spota  where  sand  Abounded  I  Kmelli- 


brftDchiate  bWalvea  of  large  size.  The  Crustaceans  were  plentifully 
represented  bj  the  Trilobites,  which  appear  to  have  swarmed  in  the 
Silurian  seas  juat  as  crabs  and  shrimps  do  in  our  own.  The  geuera 
Ampkus  (tig.  654.),  Ogygia  (fig.  655.),  and  Trinuclm*  (figs.  646, 
647.)  form  a  marked  feature  of  the  rich  and  varied  Trilobitic  fauna 
of  this  age. 


JiiipJnu  ^rmniu.  Murth,  Ofutf  BmeliH.  Buri 

LloDdclloi  Biiliop'i  Cult, ac.  6jB.diaf*t-B^'-  " 

Bnlllh,Rtdii<inhlr>)  Llm 

Beneath  the  black  slates  above  described  of  the  Llandeilo  forma- 
tion, graptolites  are  still  fonnd  in  great  variet}r  and  abundance,  and 
the  characteristic  genera  of  shells  and  trilobitea  of  the  Lower 
Silurian  rocks  are  still  traceable  downwards,  in  Shropshire,  Cum- 
berland, and  North  and  South  Walen,  through  a  vaat  depth  of  shalj 
beds,  interstratified  with  trappeaa  formations  of  contempcraneoas 
origin ;  these  consiet  of  tuffs  and  lavas,  the  taffs  being  formed  of 
such  materials  as  are  ejected  from  craters  and  deposited  immndiktel^ 
on  the  bed  of  the  ocean,  or  washed  into  it  from  the  land.  Acoordiii^ 
to  Profefsor  Ramsay,  their  thickness  is  about  3300  feet  in  North 
Wales,  including  those  of  the  Lower  Llandeilo.  The  lavas  ara 
felspalhic,  and  of  porphjritic  slnicture,  and,  according  to  the  saute 
authority,  of  an  aggregate  thicknesB  of  2500  feet 

LoKtr  Uandeilo  Formntion,   Murchis'on ;    Aremit},    Sedgwick 

Next  in  the  descending  order  are  the  shales  and  sandstones  in  which 
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the  quartzose  rocks  called  Stiper-stones  in  Sbropshire  occur.  When 
tbe  term  Silurian  was  givea  by  Sir  R.  Murchisoo,  ia  1836,  to  the 
whole  eeriea,  he  considered  the  Stiper-etoaes  aa  the  base  of  the  Si- 
lurian aystein,  but  ne  fossil  fauna  had  then  been  obtained,  such  as 
could  alone  enable  thegeologiGt  to  draw  a  definite  line  between  thiij 
member  of  tbe  series  and  the  Llandeilo  flags  above,  or  a  vast  thickness 
of  rock  below  which  waa  seen  to  form  the  Longmynd  bills,  and  was 
called  "  unfoBsiliferoue  grajwacke."  IVofessor  Sedgwick  had  de- 
scribed strata  now  ascertained  to  be  of  the  same  age  as  largely  de- 
veloped in  the  Arenig  mountuQ  in  Merionethshire,  in  1843,  and  the 
Skiddaw  slates,  studied  by  the  same  author,  wera  of  corresponding 
date,  though  the  number  of  fossils  was,  in  both  casea,  too  few  for 
the  determination  of  their  true  chronological  relations.  The  subse- 
quent researches  of  MM.  Sedgwick  andUarkness  in  Cumberland,  and 
of  Sir  R.  1.  Murchison  and  the  GrOTernment  surveyors  in  Shropshire, 
have  increased  the  species  to  more  than  sixty.  These  have  been 
examined  by  Mr.  Salter,  and  shown  in  the  last  edition  of  "  Siluria," 
(p.  52,  1859,)  to  be  quite  distiiKt  from  the  fossils  of  the  overlying 
Llandeilo  flags.  Among  these  the  Lutguia  plumbea,  ^glina  Omodota, 
Ogygia  Salwynii,  and  Didymo-  ^ 

graptutffeMinus{&g.  656<),iaid 
D.  hirundo,  are  characteristic, 

In  reference  to  the  classifica-  odrmatnpiui  kmahu.  Hiiingcr.  tp. 

tion  of  the  Silurian  rocks,  two  swtdm. 

questions  have  been  raised  ;  first,  whether  the  Lower  Silurian,  com- 
priaing  tbe  Caradoc  and  Llandeilo  beds  already  described,  should  be 
separated  from  the  Upper  Silurian  under  some  new  title,  such  as 
Camhro* Silurian  ;  and  secondly,  whether,  if  we  i-^ect  this,  tbe 
Arenig  or  Stiper-etoues  group  (Lower  Llandeilo  of  Murchison) 
should  be  regarded  as  the  base  of  the  Lower  Silurian  or  as  the  top 
of  a  distinct  and  older  series.  In  reference  to  the  first  question  Sir 
R.  Murcbiaon,  in  his  important  work  above  cited*,  has  given  a  list  of 
no  less  than  fifty  or  sixty  species  of  fossils  (of  which  apecimetts  had 
been  examined  either  by  Mr.  Salter  or  Prof.  McCoy),  all  common  to 
the  Upper  and  Lower  Silurian  strata,  or,  in  other  words,  which, 
being  found  in  the  Caradoc,  are  also  met  with  in  the  Wenlook 
formation.  The  range  upwards  of  so  many  species  from  tlie  inferior 
to  the  superior  group  shows  that,  independently  of  the  link  supplied 
by  U)e  Llandovery  or  Middle  Silurian,  there  is  sucb  a  conaection 
between  tbe  two  principal  divisions  (Upper  and  Lower  Silurian,)  as 
makes  it  natural  to  assign  the  whole  to  one  great  system.  To 
attempt,  therefore,  to  give  a  new  name  to  the  Llandeilo  beds,  or  to 
call  them  Cambrian  or  Cam bro- Silurian,  as  has  lieen  proposed, 
would  be  to  act  in  violation  of  the  ordinary  rules  of  cloesifi cation, 
and  would  create  much  confusion  by  disturbing  a  nomenclature  long 

■  Sllaris,  p.  4S5. 
oo9 
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received  and  origin&lljr  establiBhed,  by  Sir  R.  L  Marchison,  on  well- 
defined  palsontological  and  stratignphicat  datti. 

As  to  the  second  qaeBtion,  whether  a  line  should  not  be  drawn 
between  the  Llandeilo  flags  and  the  subjacent  Stiper-etonea  or  Areoig 
group,  more  may  be  said  in  its  favour,  since  while  so  many  species 
pass  ttaia  Lower  to  Upper  Silurian,  there  are  none,  according  to 
Mr.  Salter,  which  pass  down  from  the  Llandeilo  flags  or  Upper 
Llandeilo,  into  the  Arenig  or  Lower  Llandeilo  beds.  But,  altfaovgh 
the  species  are  distinct,  the  genera  are  the  same,  as  tboM  which 
characteriie  the  Silurian  rocks  above,  and  noneof  the  primordial  or 
Cambrian  forms,  pMeently  to  be  meotioned,  are  intermixed.  This 
Arenig  group  may  tlierefore  be  conveniently  regarded  as  the  bwe 
of  the  great  Silurian  system,  which,  by  the  thickness  of  its  atraU 
and  the  changes  in  animal  life  of  which  it  contains  the  record,  is 
more  than  equal  in  value  to  the  Devonian,  or  Carboniferous,  or  other 
principal  divisions,  whe^er  of  primary  or  secondary  date. 

It  would  be  nnsafe  to  rely  on  Ab  mere  thickness  of  the  stratai 
considered  apart  from  the  great  fiuctnations  in  organic  life  wbich 
took  place  between  the  era  of  the  Llandeilo  and  that  of  tlie  Ludlow 
formation,  especially  us  the  enormous  pile  of  Silurian  rocks  obeerved 
in  Great  Britain,  and  especially  in  Wales,  is  derived  in  great  pan 
from  igneous  action,  and  is  not  confined  to  &a  ordinary  depomtton 
of  sediment  from  rivers  or  the  waste  of  cUffs. 

In  volcanic  aruhipelsgoes,  such  as  tfae  Canaries,  we  see  the  most 
active  of  all  known  causes,  aqueous  and  igneous,  sinultaneonaly 
at  work  to  produce  f^'eai  results  in  a  eomparatively  moderate 
lapse  of  time.  The  outpouring  of  repeated  atreama  of  lava, — tbe 
showering  down  upon  land  and  sea  of  volcanic  ashes, — the  sweep- 
ing seaward  of  loose  sand  and  cinders,  or  of  rocks  ground  down 
to  pebbles  and  sand,  by  rivers  and  torrents  descending  steeply  in- 
clined channels, — the  undermining  and  eating  away  of  long  lines 
of  sea-cliff  exposed  to  dhe  swell  of  a  deep  aod  open  ocean, — 4beae 
operations  combine  to  produce  a  oansiderahle  volume  of  luperimpoBed 
matter,  without  there  being  time  for  any  extensive  change  of  species. 
Nevertheless,  there  would  seem  to  be  a  limit  to  tbe  thickness  o[ 
stony  masses  formed  even  under  such  favourable  eircumetances,  fbr 
the  analogy  of  tertiary  volcanic  regions  lends  no  coonteuance  to  tbe 
notion  that  sedimentary  and  igneous  rocks  25,000,  much  less  46,000 
feet  thick,  like  those  of  Wales,  could  originate  while  one  and  the 
same  fauna  should  continue  to  people  the  earth.  If,  then,  we  allow 
tliat  about  2SjOOQ  fet^  of  matter  may  be  ascribed  to  one  system,  such 
as  the  Silurian,  as  above  described,  we  may  be  prepared  to  discover 
in  the  next  series  of  subjacent  rocks,  a  distinct  assemblage  of  species;, 
or  even  in  great  part  of  genera,  of  organic  remains.  Such  appe&rs 
to  be  the  fact,  and  I  shall  therefoi-e  conclude  with  the  Lower  Liaa- 
deilo  or  Arenig  beds,  my  enumeration  of  the  Silurian  formations  in 
Great  Britain,  and  proceed  to  say  something  of  their  foreign 
equivalents,  before  treating  of  rocks  older  than  the  Silurian. 
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SILTmUIt   STRATA  OF   THE  COMTIMEHT  OF   EUROPE. 

Wh«n  we  turn  to  the  Continent  of  Europe,  we  discover  the  same 
Mtcient  series  occupying  k  wide  area,  but  in  no  region  aa  yet  has  it 
been  observed  to  attain  great  thickness.  Thus,  in  Norway  and 
Sweden,  the  total  thickness  of  strata  of  Silnrian  age  is  scarcely 
equal  to  1000  feet*,  although  the  representatives  both  of  the 
Upper  and  Lower  Silurian  of  England  are  not  wanting  there,  and 
even  some  bede  of  schist  have  been  included  which,  as  we  shall 
hereafter  see,  lie  below  the  Llandeilo  group.  In  Russia  the  Silurian 
strata,  so  fitr  as  they  are  yet  known,  seem  to  be  even  of  smaller 
vertical  dimensions  than  in  Scandinavia,  and  they  appear  to  consist 
chiefly  of  Middle  and  Lower  Silurian,  or  of  a  limestone  containing 
Ftnlamtnu  oblonfftit,  below  which  are  strata  with  fossils  corre- 
sponding to  those  of  the  Llandeilo  beds  of  England.  The  lowest  rock 
with  organic  remains  yet  discovered  is  "theUnguliteorObolnagrit'' 
of  Sl  Petersburg,  probably  coeval  with  the  Llandeilo  flags  of  Wales. 

The  shales  and  grits  near  St.  Petersburg,  above  allud^  to,  contain 
green  grains  in  their  sandy  layers,  and  are  in  a  singularly  unaltered 
state,  taking  into  account  their  high  antiquity.  The  prevailing 
brachiopods  consist  of  the  Obolut  or  Ungulite  of  Pander,  and  a 
Siphonotnta  (figs.  6S7,  658.).     Notwithstanding  the  antiquity  of 


this  Russian  formation,  it  should  be  stated  that  both  of  these  genera 
of  brachiopods  have  been  also  found  in  the  Upper  Silurian  of 
England,  i.e.  in  the  Dudley  limestone. 

Among  the  green  grains  of  the  sandy  strata  above  mentioned. 
Prof.  Ehrenberg  has  announced  (1854)  his  discovery  of  remains  of 
foraminifera.  These  are  casts  of  the  cells ;  and  amongst  five  or  six 
forms  three  are  considered  by  him  as  referable  to  existing  genera 
(e.  g.  Textularia,  RoUdia,  and  Guttatina), 

SILURIAN   STRATA  OF  THE   UNITED   STATES. 

The  position  of  some  of  these  strata,  where  they  are  bent  and 
highly  inclined  in  the  Appalachian  chain,  or  where  they  are  nearly 

*  Hnrchiion'i  Silotii,  p.  3^1. 
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horizontal  to  the  west  of  that  chnin,  is  shown  in  the  section,  fig.  cfi2- 
p.  494.  But  these  formations  can  be  studied  still  more  adTsnta- 
geouelj  north  of  the  same  line  of  section,  in  the  States  of  New  York, 
Ohio,  and  other  regions  north  and  south  of  the  great  Canadian  lakes. 
Here  they  are  found,  as  in  Russia,  nearly  in  horizontal  position,  snd 
are  more  rich  in  wetl-preserved  fossils  than  in  almost  anj  spot  in 
Europe.  In  the  State  of  New  York,  where  the  enccession  o(  the 
beds  and  their  fossils  have  been  most  carefully  worked  out  bj  the 
Government  Surveyors,  the  subdivisiooa  given  in  the  first  column 
of  the  annexed  list  have  been  adopted. 


of  the  Silurian  Strata  of  New  York.     (Strata  bthw 
the  Oritkany  Sandttoite,  see  TaUe,  p.  539.) 


.  Upper  PenumeruB  Ijmeitone 
!.  Eocrinal  Limestone 
1,  Delihyrii  Shaly  limestone 
1.  Fentaaienu    and    Tenucnlile 

LimeMOiiea 
I.  Water  Lime  Group 
I.  Onond^ia  Salt  Gronp 
'.  Niagara  Group 
I.  Clinton  Group 
I.  Medina  Sandstone 
I.  Oneida  CoHglometate 
..  Grey  SandstoDe 
!    Hudson  Rirer  Gronp 
I.  Utica  Slate 
I.  Trenton  Limestone 
i.  Block-Rirer  Limestone 
>.  Bird'e-Eye  LimeBIone 
r.  Chazy  Limestone 
),  Calciferoug  Sandstone 
).  Potsdam  Sandstone 


Brillih  EqninlHiti. 


I  Middle  Silurian  (or  May-HiH  ai 
I     Llaodaieiy  Groups). 


Upp<^  Cambrian. 


In  the  second  column  of  the  same  table  I  have  added  the  supposed 
British  equivalents.  AH  palKontologists,  European  and  American. 
such  as  MM.  de  VemeniC  D.  Sharpe,  Prof.  Hall,  E.  Billings,  and 
others,  who  have  entered  upon  this  comparison,  admit  that  there  is 
a  marked  general  correspondence  in  the  succession  of  fossil  forms, 
and  even  species,  as  we  trace  the  organic  remains  downwards  froai 
the  highest  to  the  lowest  beds;  but  it  is  impossible  to  parallel  eacti 
minor  subdivision.  In  regard  to  the  three  following  points  there  is 
little  difference  of  opinion. 

1st.  That  the  Niagara  Limestone,  No.  7.,  over  which  the  river  of 
that  name  is  precipitated  at  the  great  cataract,  together  with  i<-° 
underlying  shales,  corresponds  to  the  Wenlock  limestone  and  shale  of 
England.  Among  the  species  common  to  this  formation  in  America 
and  Europe  are  Calymme  Blumenbaekii,  ffomalonolus  delphdxKf- 
pkalus  (fig.  639.  p.  65d.),  with  several  other  trilobites  ;  RhynchonrUa 
Wiltoni,  and  Relxia  euneuta ;  Orthia  elepanluUi,  PentaTiienu  go- 
leatiti,  with  many  moro  brachiopods  ;  Orthocera*  annulatum,  among 
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the  cephalopodoua  shells;  and  Favorilet  gothlandica,  vilh  other 
large  corals. 

2Dd.  That  the  Clinton  Group,  No.  8.,  containing  Penlamenu 
obloftgui  and  P.  lavu,  and  related  more  nearly  by  its  fossil  species 
with  the  beds  above  than  with  those  below,  is  the  equivaleot  of  the 
Middle  Silurian  as  above  defined,  p.  556. 

3rd.  That  the  Hadson  Hirer  Group,  Ko.  12.,  and  the  Trenton 
Limestone,  No.  14.,  agree' pataeontologically  with  the  Caradoc  or 
Bala  group,  containing  in  commoa  with  them  several  species  of 
trilobites,  such  as  Asaphut  {Itoteltts)  gigat,  Trinueleut  coneentricut 
(fig.  647.  p.  559.)  ;  and  various  shells,  such  as  Orthit  ttrialula, 
Orthii  biforala  (or  0.  lynx),  0.  porcata  (O.  oceidentalia  of  Hall), 
Bellerophon  bilohabu,  &c.* 

Mr.  D.  Sharpe,  in  his  report  on  the  mollusca  collected  by  me  from 
the«e  itrata  in  North  America  t,  has  concluded  that  the  number  of 
species  common  to  the  Silurian  rocks  on  both  sides  of  the  Atlantic 
is  between  30  and  40  per  cent.  ;  a  result  which,  although  no  doubt 
liable  to  future  modification,  when  a  larger  comparison  shall  have 
been  made,  proves,  nevertheless,  that  many  of  the  species  had  a  wide 
geographical  range.  It  seems  that  comparatively  few  of  the  gas- 
teropods  and  lamellibranchiate  bivalves  of  North  America  can  be 
identified  specifically  with  European  fossils,  while  no  leas  than  two- 
fifths  of  the  bracbiopoda,  of  which  my  collection  chiefly  consisted, 
are  the  same.  In  explanation  of  these  iacts,  it  is  suggested  that 
most  of  the  recent  bracbiopoda  (especially  the  orthidiform  ones)  are 
inhabitants  of  deep  water,  and  that  they  may  have  had  a  wider  geo- 
graphical range  than  shells  living  near  shore.  The  predominance  of 
bivalve  mollusca  of  this  peculiar  class  has  caused  the  Silurian  period 
to  be  sometimes  styled  "  the  age  of  brachiopods." 

The  calcareous  beds,  Nos.  15,  16,  17,  and  18.,  below  the  Trenton 
Limestone,  have  been  considered  by  M.  de  Verneuil  as  Lower 
Silurian,  because  they  contain  certain  species,  such  as  Ataphtu 
{Iiottlut)  gigtu,  JlUentu  eraitieauda,  and  Orthocerat  bilituatum,  iu 
common  with  the  overlying  Trenton  Limestone  }  But,  according  to' 
Prof.  Hall,  the  Illamu  was  erroneously  identified,  an  error  to  which 
he  confesses  that  he  himself  contributed  ;  and  on  the  whole  these 
lower  beds  contain,  he  thinks,  a  very  distinct  set  of  species,  only 
three  or  foor  of  them  out  of  eighty-three  passing  npwards  into  the 
incumbent  formations. § 

Be  this  as  it  may,  the  Black  River  Limestone,  No.  15.,  contains 
certain  forms  of  Orthocertu  of  enormous  size  (some  of  them  8  or 
9  feet  long  I),  of  the  subgenera  Ormocerat  and  Endoeeras,  seeming 
to  represent  the  Lower  Silurian  or  Orthoceras  limestone  of  Sweden. 
Moreover,  the  general  focies  of  the  fauna  of  all  these  beds  is 
essentially  similar.  Another  ground  for  extending  our  comparison 
of- the  Llandeilo  beds  of  Europe  as  far  down  as  the  calciferous 

*  See  Harchiaon's  SilDria,  p.4U.  p.  SS).,  1847. 
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sandstone  is  deriTed  from  the  reaearcheB  of  Sir  William  Logan  in 
Canada,  and  the  Btndy  by  Mr.  Salter  of  the  fossils  collected  by  the 
Canadian  Surveyor  near  the  S.E.  end  of  the  Ottawa  River,  where 
one  mass  of  limeBtone  encIoEes  apecies  commoa  to  all  the  beds  from 
the  Calciferoug  Sandstone  (No.  18.)  up  to  the  Trenton  Limestone 
(No.  14,).  In  this  rock,  the  Asaphut  gigoM  and  other  well-kaown 
Trenton  epecies  are  blended  with  the  Maelurea  (fig.  659.),  a  left- 
handed  shell,  considered  by  Woodward  as  probably  a  maasive 
heteropod,   a  genua   characteristic   of   the   Chazy  Limestone,    or 


rit-GM.  No.  17.}  and  Murehitonia  graeilii  (6g.  660.)  is 

4  another  Trenton  Limestone  species  found  in  the 

same  Silurian  limestone  of  Canada  *;  while  one  of 
the  most  common  shells  in  it  is  the  Raphi^oma  ? 
{Bttomphaiua)    uniangulatum,    Hall,    a    speeies 
characteristic  iu  New  York  of  the  Calci&rons 
Sandstone  itself.     On  the  whole,  if  we  identify 
ifiircWMiita(rac>Hi,Haii.  the  beds  from  the  Black  Rirer  Limestone  down 
*  uie"Tn^u[ri^»i™°.  to  the  Calciferous  Sandstone  inclusively  with  the 
LSBirS'u'unr^^'"  Upper  and  Lower  Llandeilo,  we  shall  be  in  har- 
mony with  the  latest  opinions  of  American  and 
British  geologists. 

Id  Canada,  as  in  the  State  of  New  York,  the  Fotsdam  SandstoDe 
uuderliea  the  above-mentioned  calcareous  rocks,  but  contains  a 
different  suite  of  fossils,  as  will  be  hereafler  explained.  In  parts  of 
the  globe  still  more  remote  from  Europe  the  Silurian  strata  have 
hIso  been  recognized,  as  in  South  America,  Australia,  and  recently 
by  Captun  Strachey  in  India.  In  all  these  regions  the  faciee  of  the 
fauna,  or  the  types  of  organic  life,  enable  ns  to  recognize  the  con- 
temporaneous origin  of  the  rocks ;  but  the  fossil  species  are 
distinct,  showing  that  the  old  notion  of  a  universal  diffhaioa 
throughout  the  "primeval  seas"  of  one  uniform  specific  fauna  was 
<juite  unfounded,  geographical  provinces  haviug  evidently  existed 
in  the  oldest  as  in  the  most  modem  times. 

Whether  the  Silurian  rocks  are  of  dtepteater  origin. — The 
grounds  relied  upon  by  Professor  "&.  Forbes  for  inferring  that  the 
larger  part  of  the  Silurian  Fauna  is  indicative  of  a  sea  more  than  TO 

*  Logui,  Report,  Brit.  Aitodpiwich,  pp.  fiS.  63. 
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fkthoDU  deep,  are  the  folIowiDg  :  first,  the  small  size  of  the  gre&ter 
namber  of  conchifera  ;  secondly,  the  paucity  of  pectinibranchiata  (or 
spiral  nniTslves);  thirdly,  the  great  number  of  floating  shelle,  each 
as  BeUerophon,  Ortkocerat,  &c. ;  fourthly,  the  abundance  of  ortbidi- 
form  brachiopoda  ;  fifthly,  the  absence  or  great  rarity  of  fossil  fleh. 

It  is  doubtlesB  true  that  some  living  Terehratulce,  on  tbe  coast  of 
Australia,  inhabit  shallow  water ;  but  all  tbe  known  species,  allied 
in  form  to  the  extinct  Orthit,  inhabit  the  depths  of  tbe  sea.  It 
should  also  be  remarked  that  Mr.  Forbes,  in  advocating  these  views, 
was  well  aware  of  the  existence  of  shores,  boonding  the  Silurian  sea 
in  Shropshire,  and  of  the  occurrence  of  littoral  species  of  this  early 
date  in  the  northern  hemisphere.  Such  facts  are  not  inconsistent 
with  bis  theory  ;  for  be  has  shown,  in  another  work,  bow,  on  the 
coast  of  Lycia,  deep-sea  strata  are  at  present  forming  in  the  Medi- 
terranean, in  the  vicinity  of  high  and  steep  land. 

Had  we  discovered  the  ancient  delta  of  some  large  Silurian 
river,  we  should  doubtless  have  known  more  of  the  sballow-waier, 
brackish- water,  and  Uuviatile  animals,  and  of  the  terrestrial  flora  of 
the  period  under  consideration.  To  assume  that  there  were  no  such 
deltas  in  the  Silurian  world,  would  be  almost  as  gratuitous  an 
hypotbe«s,  as  for  the  iobabitanta  of  the  coral  islands  of  the  Pacific 
to  indulge  in  a  similar  generalization  respecting  tbe  actual  condition 
of  the  globe. 

"  CAJfBRIAK  OBOVP." 

{Primordial  Zone  of  Sarrande.) 

The  characters  of  the  Upper  and  Lower  Silurian  rocks  were 
established  so  fully,  both  on  stratigrapbical  and  palsontological  data, 
by  Sir  Boderick  Mnrchiaon  after  five  years'  labour,  in  1839,  when 
his  *'  Silurian  System  "  was  published,  that  these  formations  could 
from  that  period  be  recognized  and  identified  in  all  other  parts  of 
Europe  and  in  North  America,  even  in  countries  where  the  fossils 
differed  specifically  from  those  of  the  classical  region  in  Britain, 
where  tbey  were  first  studied.  But  it  was  not  till  the  year  1846 
that  M.  Joachim  Barrande,  after  ten  years'  exploration  of  Bohemia, 
and  after  collecting  more  than  a  thousand  species  of  fossils,  ascer- 
tained tbe  existence  in  that  country  not  only  of  the  equivdents  of 
the  two  formations  above  alluded  to,  but  of  another  set  of  strata, 
characterized  by  a  new  and  distinct  fauna,  to  which,  in  the  intro- 
duction to  a  treatise  on  trilobites,  he  gave  the  name  of  Etage  C,  or 
the  "  first  fauna."  His  two  first  stages,  A.  and  B.,  consisted  of  crys- 
talline and  metamorphic  rocks,  and  unfossiliferous  schists.  In  the  ztme 
C,  called  soon  afterwards  by  bim  "  primordial,''  he  had  discovered 
in  1846  no  less  than  twenty-six  species  of  trilobites  contained  in 
shales  and  slates  of  considerable  thickness,  all  of  them  belonging  to 
new  species  and  the  greater  part  of  them  to  new  genera,  called  bj 
him  Paradoxidtt,  Conoeepkalia  (syn.  Conocorypbt),  Ei^Boeephaltit, 
Ariam,  Sao,  and  Bydrocephcdtu,  and  some  of  them  to  tbe  genua 
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Agno$tu$,  the  onlj  form  commoo  to  his  first  And  se<»>nd  fnana,  the 
latter  corresponding  to  the  Lower  Silurian  of  Mnrchison.  H. 
BaiTftnde  classed  this  first  fauna  as  the  oldest  member  of  the  Siiariaa 
period.  Applying  the  term  Silurian  in  Sir  B.  Murchison's  sense  aa 
comprehending  all  the  fossiliferoas  strata  older  than  the  Devonian. 
He  spoke  of  it  ai  occupying  "  le  meme  horiion  que  lea  formations 
fos^ilit'gres  les  plus  aneiennes  de  Suede,  de  Norv^ge  et  dee  Isles 
Britanniquea  ;"  and  he  added,  still  speaking  of  fitage  C,  "  II  forme 
done  la  base  des  terrains  protozoiques,  eelon  la  demi^re  claasiflcation 
du  Rer.  Profeaseur  Sedgwick."*  It  was  impoBaibte  in  1846  for  H. 
Barrande  to  make  a  nearer  approach  towards  a  just  correlation  of  the 
Bohemian  and  British  groups  of  strata,  since  at  that  time  the  Loirer 
Silurian  of  Murchison  had  no  veil-defined  base-line,  physical  or 
xoological,  while  the  Cambrian  or  protozoic  of  Sedgwick,  as  distiD> 
guisbed  from  the  Lower  Silurian,  was  without  a  &ana.  Even  tbe 
Lingtda  Davisii,  which  will  presently  be  mentioned,  was  not  dis- 
covered till  1846,  at  which  time  the  new  organic  types  of  Bohemia, 
older  than  the  Lower  Llandeilo  beds  above  described,  were  so 
peculiar  as  to  enable  geologists  from  that  time  forth  to  identify  by 
their  means  alone  in  Scandinavia,  Russia,  Canada,  and  the  United 
States,  strata  of  corresponding  age.  It  wae  some  years  before  a 
sufficient  number  of  British  fossils  were  found  below  the  Lower 
Llandeilo  beds  to  enable  the  geologist  to  identify  the  diffR«nt 
members  of  the  Cambrian  group  with  their  equivalents  in  Ireland 
and  Scotland,  and  other  parts  of  Europe.  If,  therefore,  M.  Bar- 
rande  hod,  in  1846,  called  the  fossiliferoas  rocks  of  his  Etsge  C. 
"Bohemian,"  that  name  would,  I  have  little  doubt,  have  been  ddi- 
versally  accepted,  since  he  had  acquired  full  right  to  give  a  name  to 
the  new  group  or  system  of  rocks,  the  position  and  characteriEtic 
fossils  of  which  he  had  first  truly  defined. 

The  term  primordial  was  intended  to  express  M.  Barrande's  own 
belief  that  the  fossils  of  £tage  C.  aflbrded  evidence  of  the  first  ap- 
pearance of  vital  phenomena  on  this  planet,  and  that  consequently 
no  foasiliferoUB  strata  of  older  dato  would  or  could  ever  be  dis- 
covered. 

I  have  been  opposed  from  the  first  to  a  nomenclature  the  adoption 
of  which  would  seem  to  imply  the  acceptance  of  such  a  theory,  for 
I  always  felt  sure,  on  contemplating  tbe  past  history  of  geology,  that 
we  had  not  yet  pushed  our  inquiries  into  the  past  so  far  as  to  lead 
us  to  despair  of  extending  our  discoveries  at  some  future  day,  when 
vast  portions  of  the  globe  hitherto  unexplored  should  have  been 
thoroughly  surveyed. 

The  term  Cambrian  had,  long  before  1846,  been  applied  by  Frofes- 
eor  Sedgwick  to  rocks,  some  of  which  we  now  know  to  be  of  eontom- 
poraneous  dato  with  Barrande's  "  primordial  zone."  Sedgwick  had 
begun  his  exploration  of  these  rocks  in  1831,  and  in  1843  published 
memoirs  on  what  be  then  termed  the  protozoic  rocks  of  North  Wales, 
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giving  detailed  sections  b^  which  the  geological  Btructure  of  an 
intricate  region  was  admirably  worked  out. 

Large  portions  of  the  strata  both  of  South  and  North  Wales  at 
first  called  Cambrian,  and  supposed  to  be  older  than  the  Silurian 
rocks  of  Mnrchison,  were  afterwards  proved  by  onr  surveyors, 
chiefly  by  the  labours  of  Prof.  Ramsay,  to  be  the  equivalents  of 
the  Lower  Silurian  rocks   above  described. 

The  following  table  will  show  the  successioD  of  the  strata  in  Eng- 
land and  Wales  which  belong  lo  the  Cambrian  group  or  the  fossili- 
ferous  rocks  older  than  the  Lower  Llandeilo,  to  which  are  added  the 
Lanrentian  formations  of  Canada,  as  the  oldest  ia  the  world  in 
whioh  organic  remains  have  yet  been  found. 


CAMBBTAN  GRO0P. 


C&mbrlaD 
Rocki.— 
("Friinor- 
dinlZoDc" 
ofBar- 


.  l>iirer 
Cambrian 
Kockfc— 


Hicaceoni 


OrfBilc  BsnuJai. 

'Tiilobitea  of  g«ner> 
partly  Silnrian.  and 
partlj  Primordia! 
of  Barraa  it.  Be  I- 
laropfaon;  Ortho- 
cenuiM;  Theca. 

pTrilobite*;      Olenaa, 


j      lopoa    cnmiacean; 
Brachiopoda;  Cy»- 


'a.  HarlEEh     f  Sandstones       andl    *^ 
6""         (     pi'  J  7000 

LATTREIITIAII  GRODP. 


Stratified  Iriglilj ' 
ctjBtal  li  na  rack*, 
with  mooh  La- 
bradorite,  and 
other  TOrieties  of 

'OaeiM )  Qnartxite 
Homblendic  and 


laeean)  Olhamia. 


2.  Lower  Laarentiui 


■ehisu,  with 
dmw  inte  reals- 
led  limeitotics, 
onoabove 1000ft. 
in  ibickoeH 


VPPBR  CAHBRUtr. 


Tremadoe   Slatet. — The  Tremadoc  elates  of  Sedgwick  are  more 
thMi  1000  feet  in  thickness,  and  consist  of  dark  earthy  slates  occur- 
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ring  neu-  the  little  town  of  Tremadoc,  situated  on  the  north  side  of 
Cardigan  Ba;  in  Cai'naironshire.  These  slates  were  first  examined 
bj  Sedgwick  in  1831,  and  were  re-Dxamined  bj  him  and  deacribed 
in  1846*,  after  some  fossils  had  been  found  in  the  nnderljing 
Lingnlar  flags  hj  Mr.  Davis.  The  iuferioritj  in  position  of  Uieae 
Lingnla  flags  to  the  Tremadoc  beds  was  at  the  same  time  established. 
The  overlying  Tremadoc  beds  were  traced  by  their  pisoUtic  on  from 
Tremadoc  to  Dolgelly.  No  fossils  proper  to  the  Tremadoc  slates 
were  then  observed,  but  subsequently,  when  the  same  beds  were 
well  searched  by  the  collectors  of  the  Government  Survey  in  ISS3 
and  1857,  thirty-one  species  of  all  classes  were  found  in  them  and 
determined  by  Mr.  Salter.  By  their  means  he  was  able  to  separate 
the  beds  into  an  upper  and  lower  division:  in  the  upper  of  which  there 
are  about  twenty  species,  and  about  fifteen  in  the  lower.  We  hare  ' 
already  seen  that  in  the  Lower  Llaudeilo  (Stiper-stones  or  Arenig 
group),  where  the  species  are  distinct,  the  genera  agree  with  Siloriaa 
types  I  but  in  these  Tremadoc  slates,  where  -  the  species  are  also 
peculiar,  there  is  about  an  equid  admixture  of  Silurian  ^pes  with 
those  which  Barrande  has  termed  "  primordial."  Here,  therefor^ 
it  may  truly  be  said  that  we  are  entering  upon  a  new  domun  of  life 
in  our  retrospective  survey  of  the  past.  The  trilobites  of  new 
species,  but  of  Lower  Silurian  forms,  belong  to  the  genera  Ogygia, 
Ataphut,  and  Cheimrtui  whereas  those  belonging  to  primorditl 
types,  or  Barrande's  first  fauna,  as  weH  as  to  the  Lingula  fl^s  of 
Wales,  comprise  Conoeoryphe\,  Olenut,  several  species,  and  At^ 
Una.  Iq  the  Upper  Tremadoc  slates  are  found  BelUrophon,  Ordto- 
vera*,  and  Cyrloctrat,  all  speci6cslly  distinct  from  Lower  SUnrian 
fossils  of  the  same  genera  :  the  Pteropod  Theca  ranges  throughout 
these  slates  ;  there  are  no  Graptolites.  The  only  Tremadoc  species 
which,  according  to  Salter,  is  not  peculiar,  is  Lingula  Cartnt,  which 
ranges  from  the  top  to  the  bottom  of  the  formation,  and  links  it  with 
the  zone  next  to  be  described.  The  Tremadoc  slates  are  very  local, 
and  seem  to  be  confined  to  a  small  part  of  North  Wales  ;  and  Prof. 
Bamsay  supposes  them  to  lie  unconformably  on  the  Lingnla  flags, 
and  that  a  long  interval  of  time  elapsed  between  these  formations. 

Lingula  Flag*. — Next  below  the  Tremadoc  slates  in  North  Wale*, 
lie  micaceous  flagstones  and  slates,  in  which,  in  184^  Mr.  E.  Davis 
discovered  the  Lingvla  named  after  him,  and  fVom  which  was 
derived  the  name  of  Lingula  flage.}  In  these  flags  and  shales, 
other  fossils  were  found  by  subsequent  researches,  which  were 
observed  to  differ  specifically  from  those  of  the  Llandeilo  beds, 
or  the  lowest  portion  of  the  Lower  Silurian  then  palKontologieally 
known.     Trilobites  of  the  genera   Olenus   and    Conoeorypht  (for 

*  Geol.  Quart.  Janrn,,vol.  iiLp.  156.  Iiy  Salter  to  arabgaDas  £a^KUb,b<itI 

t  This  gettiu  hu  been  labninted  for  retain  tha  original  name  in  ifaii  dukpm 

Burande'i  Qmocephalia,  as  the  latter  becstlie  it  hal  long  been  nted  br  (tab. 

lerm  had  been  preoccnpied  b;  tbe  eoto-  giila  in  their  dengnalion  of  uw  bedi 

inologiMs.  where  it  is  ao  abnndaut. 

J  Thii  ihell  has  niice  been  reTetrsd 
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genus,  see  fig.  667.).  and  other  forms,  which  vill  soon  be  pub- 
lished by  our  Government  Surrey,  were  detected  ;  and  Paradt^cidtt 
(for  genus,  see  fig.  666.),  another  of  Burande's  primordial  forms 

FnuOmfUu  ■•  Lunula  Fbig4,-  tr  Hmhu  Ptmilitmm  Hotla  -fBrlutn. 

na.  Ml.  ri(.  ssi.  Fi|.  m. 


Uwftlla  Dartiil,  M-Coj.  (Mum  mfcrmrm,:       | 

a.  i  o^lurnl  tlH.  "»""'■ 

i,  dliisneil  bf  c1«tm«-  i  lul.  il". 

QfDoIiallr.udFfMtJDlof;  N.'WtlH.* 

of  Bohemia,  was  also  found  both  in  North  and  South  Wales,  in 
the  black  dates  of  this  era.  With  these  also  a  phyllopod  crusta- 
cean (Qg.  661.),  and  several  genera  of  Brachiopoda,  with  a  rare 
Cyetidean  and  a  sponge,  were  obtained.  In  all,  about  forty  or 
forty-five  species  are  already  described  by  Mr.  Salter,  and  other 
forms  are  still  ia  his  hands  for  inveBtigation, 

In  Merioaeth shire,  says  Prof.  Ramsay,  the  Lingula  flags  are  from 
3000  to  6000  feet  thick  :  in  CarBarvonehire,  near  Llanberis,  only 
about  2000  feet,  having,  in  the  space  of  about  II  miles,  lost  4000 
feet  of  their  thickness.  In  Anglesea  and  on  the  Menai  Straits,  the 
Llandeilo  and  Bala  Beds  lie  directly  on  (Lower)  Cambrian  strata, 
both  the  Lingula  flags  and  Tremadoc  slates  being  absenLj* 

LOWZR  CAXBKIAtr. 

(^Longmynd  Group.') 
SarieeA  Gritt. — Older  than  the  Lingula  flags  are  stratified  forma- 
tions of  great  thickness,  but  which  have  as  yet  proved  very  barren 
of  organic  remains,  and  have  been  rarioasly  called  by  Piof.  Sedg- 
vick  the  Loogmynd  and  Bangor  group,  comprising,  first,  the  Bar- 
mouth and  Harlech  sandstones  ;  and  secondly,  the  Llanberis  slates. 
The  sandstones  of  this  period  attain  in  the  Longmynd  Hills  in 
Shropshire  a  thickness  of  no  less  than  6000  feet,  without  any  iuter- 
poflition  of  volcanic  matter.  In  some  places  in  Merionethshire  they 
are  still  thicker.  The  labours  of  Mr.  Salter  in  Shropshire  and  those 
of  the  late  Dr.  Eiuahsn  In  Wicklow  have  brought  to  light  at  least 
five  species  of  Annelides  in  these  rocks,  two  of  which  have  been 
named  ArerticoUtet  tparsus  and  A.  didymut.  They  occur  in  count- 
less myriads  through  a  mile  of  thickness  in  the  Longmynd,  where 
also  an  obscure  crustacean  form  has  been  discovered  and  named 
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Falaopyge  Samtatfi.  The  euide  of  thia  farmation  are  ofttn 
rippled,  fuid  were  evidently  left  drj  at  low  tides,  so  that  the  surface 
was  dried  by  the  sua  uid  made  to  shrink  and  present  sun-cnckB. 
There  are  also  distinct  impressions  of  raindrops,  like  those  figured 
at  p.  486.,  on  many  snrraces.* 

Llanberit  Slates. — The  slates  of  Llanberis  and  PeDrbyn  in  Cw- 
nnrvonshire,  with  their  associal^d  sandy  strata,  attain  a  great 
thickneas,  sometimes  about  3000  feet.  They  are  perhaps  not  more 
ancient  than  the  Harlech  and  Barmouth  beds  last  mentioned,  For  ihey 
may  represent  the  deposits  of  fine  mud  thrown  down  in  the  eaue 
sea,  on  the  borders  of  which  the  sands  above  mentioned  were  awu- 
mulating.  In  some  of  these  slaty  rocks  in  Ireland,  immedislelv 
opposite  Anglesea  and  Caraarvon,  two  species  of  zoophytes  bave 
been  found,  to  which  the  late  Prof.  E.  Forbes  gave  the  name  of 
Oldhamia.  They  may  be  coaeidered  as  the  most  ancient  fossils  jet 
known  in  Europe, 


Wieklgw,  Inlud. 


We  may  reasonably  anticipate  that  the  Longmynd  fauna,  if  ever 
it  shall  become  extensively  known  in  the  British  Isles  or  elsewhere, 
will  be  found  to  difier  considerably  From  that  of  the  Upper  Cambriw 
rocks,  for  the  thickness  of  the  beds  unmixed  with  volcanic  matter  i« 
very  great,  and  they  must  have  required  a  great  lapse  of  time  for 
their  deposition. 


{Primordial  Zone  of  Barrande.) 

I  have  already  spoken,  p.  569.,  of  the  splendid  results  of  tf .  Bar- 

rande's  labours,  published  in  1846,  in  which  year,  after  &  proloDged 

investigation  of  the  geology  of  Bohemia,  he  discovered  a  great  series 

of  paleozoic  formations,  for  which  he  adopted  Sir  R.  Murchisoo'i 

*  Sailer,  Quut.  Geol.  Jonra.,  voL  xiii.,  ISS7. 
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general  Dame  of  SiluriftD.  The  first  or  most  ancient  of  hia  three 
Silurian  faunas,  called  by  bim  primordial,  correaponda  with  the 
Britieh  Upper  Cambrian,  ah  above  described.  The  second  tallies 
witb  Murcbison's  Lower  Silurian,  and  the  third  with  the  Upper 
Silurian  of  tlie  aame  author.  When  M.  Barrande,  a  French  naturalist, 
undertook  single-handed  tbe  survey  of  Bohemia,  all  the  described 
species  of  fossils  previously  obtained  from  that  country  scarcely  ex- 
ceeded twenty  in  number,  whereas  he  had  already  acquired  in  1850 
no  less  than  1 100  species,  namely,  250  crustaceans,  (chiefly  trilobites,) 
250  cephalopods,  160  gasteropods  and  pteropods,  130  acephalous 
inolluBcs,  210  brachiopods,  and  110  corals  and  other  fossils.  At  a 
later  period,  1856,  M.  Barrande  states  that  he  had  in  his  collection 
between  1400  and  ISOO  species  from  tbe  same  Silurian  and  primor- 
dial rocks  of  Bohemia.* 

Id  the  primordial  zone   be  discovered  trilobites  of  tbe  genera 
Paradoxidet,    Conocephaltu  {Cotweorj/phe'),   EUiptocephalut,    Sao, 

v  'VrlmariUal  Ztmt"  nf  Bammit, 


■  (Euga  C.of  Bucutdi.) 

Ariontlliit,  Hydroeephalui,  and  Agnot-  pig.  c 

tui.     These  primordial  trilobites  have  ^ 

a  peculiar  facies  of  their  own  depen-  ?    ^  j 

dent  on  the  multiplication  of  their  tho-  k-A  ' 

racic  segments  and  the  diminution  of  \^J 

their  caudal  shield  or  pygidium.  j 

One   of  the  "  primordial  **  or  Upper 

Cambrian  Trilobites  of  the  genus  Sao,  «*»  *'™!i^'^^-  'g^)"  "'''"' 

a  form  not  found  as  yet  elsewhere  in  Tin  uniiT  ]in«  iwnnth  m^is  tb 

tho  world,  has  afforded  M.  Barrande  a  nuH-pMiuiriitiiihic;  ninisnTM^ 

fine  illustration  of  the  metamorphosis  I^^r"J'i,i'Khf '""ta' di^.iol^^ 

of  these  creatures,  for  be  has  traced  [I|,°  th'B**f»eiirii.^".".°>e'''o't'cm 

them  through  no  less  than  twenty  stages  f^'f'f,'  ^^',l',V  ^H.'^io'"'  ■°''"° 
of  their  development.    A  few  of  these 

■  Parallele  ontn  les  Dipoti  Silaricoi  dc  Bobcmc  cl  dc  ScuidiiiaTie. 
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changes  have  been  selected  for  repreaeatatimi  in  the  accompanying 
figures,  that  the  reader  may  learn  the  gradnal  manner  in  which 
difierent  segments  of  the  body  and  the  eyes  make  their  sppearancs. 
When  we  reflect  on  the  altered  and  crystalline  condition  nsnally 
belonging  to  rocks  of  this  age,  and  how  devoid  of  life  thej  are  for 
the  most  part  in  North  Wales,  Ireland,  and  Shropshire,  the  informa- 
tion respecting  snch  minute  details  of  the  Natural  History  of  these 
crastaceans,  as  is  supplied  by  the  Bohemian  strata,  may  well  excite 
oar  astonishment,  and  may  reasonably  lead  ns  to  indulge  a  hope  that 
geologists  may  one  day  gain  an  insight  into  the  condition  of  the 
planet  and  its  inhabitants  at  eras  long  antecedent  to  the  Cambrian  ; 
for  those  areas  which  have  been  subjected  to  a  scrutiny  as  rigorons 
as  North  Wales  and  Bohemia  form  truly  insignificant  spots  on  amap 
of  the  whole  globe. 

In  Bohemia  the  primordial  fauna  of  Barrande  derived  its  import- 
ance exclusively  from  its  numerous  and  peculiar  trilobitea.  Besides 
these,  however,  the  same  ancient  schists  have  yielded  two  genera  of 
brachiopods,  Orthu  and  Orbieula,  a  pteropod  of  the  genus  Tleca, 
and  four  echinoderms  of  the  Cystidean  family. 

All  the  Bohemian  species  differ  as  yet  from  any  found  in  England, 
which  may  be  due  entirely  to  the  inffuence  of  geographical  causes. 
It  seems,  nevertheless,  to  confirm  the  view  here  taken,  of  the  ''pri- 
mordial lone"  being  characterised  by  fosaila  distinguishable  trista 
the  whole  Lower  Silurian  group ;  because  the  other  and  higher 
Silurian  forioations  of  Barrande  have  each  of  tbem  several 
species  in  common  with  the  successive  subdivisions  of  the  British 
series. 

Sweden  and  Noneay. — The  Upper  Cambrian  beds  of  North  Wales 
are  represented  in  Sweden  by  strata,  the  fossils  of  which  have  been 
described  by  a  most  able  naturalist,  U.  Angelin,  in  his  "  Falnanto- 
logica  Suecica  (1852-4)."  The  "  alum-achigts,"  as  they  are  called 
in  Sweden,  resting  on  a  fucoid-sandstone,  contain  trilobitea  belonging 
to  the  genera  Paradoxides,  Olemu,  Agtwttut,  and  others,  some  of 
which  present  rudimentary  forms,  like  the  genus  last  meotioBed. 
without  eyes,  and  with  the  body  segments  scarcely  developed,  and 
others  again  have  the  number  of  segments  excessively  multiplied, 
as  in  Paradoxidet.  These  peculiarities  agree  with  the  chanMstera 
of  the  crustaceans  met  with  in  the  Upper  Cambrian  strata,  before 
mentioned. 

The  Swedish  rocks  have  also  yielded  crastaceans  of  the  familj 
Cylherinida,  and  among  the  mollusca  a  small  species  of  Ortkoeew^M*^ 
the  only  primordial  cephalapod  yet  known,  and  also  a  Graptotite, 
together  with  most  of  the  fossil  forms  discovered  by  Barrande  in 
the  Bohemian  strata  of  the  same  age. 

United  States  and  Canada. — In  the  table  at  p.  £56.,  I  have 
already  pointed  out  the  relative  position  of  the  Potsdam  Sandstoop, 
which  has  long  been  supposed  to  be  the  lowest  fossiliferous  formatioa 
in  the  United  States  and  Canada.  The  late  Dr.  Dale  Owen  pub- 
lished in  1852  a  graphic  sketch,  in  his  survey  of  Wisconsin,  of  the 
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lowest  sedimentary  rocks  near  the  bead-waters  of  the  MisBisatppi, 
Ijing  at  the  base  of  the  whole  Silurian  series.     They  are  many 
hundred  feet  thick,  aod  for  the  most  part  similar  in  character  to  tlie 
Potsdam  sandstone  above  described,  but  in- 
cluding in  their  upper  portions  intercalated  ^''  ^'" 
bands  of  magnesian  limestone,  and  in  their 
lower  some  argillaceous  beds.    Among  the 
shells  of  these  strata  are  species  of  Lingula 
and   Orlhit,   and  several  trilobites  of  the 
newgenu8/>iAe/aMpAafiu(flg.671.).  These 
rocks,  ocGumag  in  Iowa,  Wisconsin,  and 
Minnesota,  seem  destined  hereafter  to  throw 
great  lightonthestateof  organic  life  in  the 
Cambrian  period.  Six  beds  containing  trilo- 
bites, separated  by  strata  from  10  to  150  feet 
thick,  are  already  enumerated. 

I  hare  seen  the  Fotsdam  sandstone  on    sariw>iaiiH  nnmatitiui,. 
the  banks  oS  the  St.  Lawrence  in  Canada,       ""'"  "'■'■  *  ""•"■•«'■ 
and   oa  the  borders  of   Lake  Champlain,    rmp."*^'^^  *sLiiLuo^*. 
where,  as  at  Keesville,  it  is  a  white  quartz-    muM^i.^'"^^' "^  ""^  "'"''" 
ose   fine-grained  grit,  almost  passing  into 

qnartsite.  It  is  divided  into  horizontal  ripple-marked  beds,  very  like 
those  of  the  Lingula  fli^s  of  Britain,  and  replete  with  a  small  round- 
shaped  Lingvla  (^OboUlla  of  Billings),  in  such  numbers  as  to  divide 
the  rock  into  parallel  planes,  in  the  some  manner  as  do  the  scales  of 
mica  in  some  micoceous  sandstones.  This  formation,  as  we  learn  from 
Sir  W.  Logon,  is  700  feet  thick  in  Canada  ;  the  lower  portion  con- 
sisting of  ft  conglomerate  with  quartz  pebbles ;  the  upper  part  of 
sandstone  containing  fticoids,  and  perforated  by  small  vertical  holes, 
which  are  very  characteristic  of  the  rock,  and  appear  to  have  been 
mode  by  aonelids  (^SeoiUhut  linearit). 

On  the  banks  of  the  St.  Lawrence,  near  Beauhamois  and  else- 
where, m&ny  fossil  footprints  hare  been  observed  on  the  surface  of 
its  rippled  layers.  These  impressions  were  first  noticed  by  Mr. 
Abraham,  of  Montreal,  in  1847,  and  were  supposed  to  be  tracks  of  a 
tortoise  i  but  Sir  W.  Logan  brought  in  1851  some  of  the  slabs  to 
London,  together  with  numerous  casts  of  other  slabs,  enabling  Pro- 
fessor Owen  to  correct  the  idea  first  entertained,  and  to  decide  that 
they  were  not  due  to  a  cbelonian,  nor,  as  he  imsgines,  to  any  verte- 
brate creature.  The  Professor  inclines  to  the  belief  that  they  are 
the  trails  of  more  than  one  species  of  articulate  animal,  probably 
allied  to  the  King  Crab,  or  Limulu*.  Between  the  two  rows  of 
foot-tracks  runs  an  impressed  median  line  or  channel,  supposed  by 
the  Professor  to  have  been  made  by  a  caudal  appendage  rather  than 
by  a  prominent  part  of  the  trunk.  Some  individuals  appearto  have 
h.td  three,  arid  others  Ave  pairs,  of  limbs  used  for  locomotion.  The 
width  of  the  tracks  between  the  outermost  impressions  varies  from 
34  to  5^  inches,  which  would  imply  a  creature  of  much  larger  di- 
mflDsionfl  than  any  organic  body  yet  obtained  from  strata  of  such 
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antiquity.  In  tliis  respect  they  agree  with  the  gigantic  Ettrypte- 
ridte,  delected  in  the  lowest  Bevonlan  and  uppermost  Silnrian  rocks, 
p.  o23.  Their  size  alone  is  important,  as  warning  us  or  the  danger 
of  drawing  any  inTerence  from  mere  negative  evideDce,  as  to  the 
extreme  poverty  of  the  fauna  of  the  earlier  seas. 

Recent  investigations  by  the  nataraliats  of  the  Canadian  surrey 
have  rendered  it  certain  that  below  the  level  of  the  Potadam  Sand- 
stone there  are  slates  and  schists  extending  from  New  YoA  to 
Newfoundland,  occupied  by  a  series  of  trilobitic  farma  similar  in 
genera  though  not  in  species  to  those  found  in  the  European  Upper 
Cambrian  strata. 

Quebec  Group. — The  Dikeloeephabu  above  meotioned  is  one  of 
the  most  striking  fossils  found  in  the  limestones  of  Quebec,  which 
have  recently  attracted  much  attention.  But  there  seems  in  these 
limestones  to  be  a  mixed  fauna,  which  renders  it  probable  that  the 
Quebec  group,  as  defined  by  Sir  W.  Logan  and  Mr.  E.  Billinga,  is 
the' representative  of  our  Lower  Llandeilo  (Arenig)  and  Tremadoc 
groups  united.  The  characteristic  graptolites  lie  in  the  upper  por- 
tion, and  are  identical  with  those  of  Skiddaw  ;  and  the  mixture  of 
primordial  and  Lower  Silurian  genera  in  the  lower  portion  exactly 
reminds  us  of  the  similar  mixture  in  the  Tremadoc  slate,  while, 
according  to  Mr.  Billings,  there  are  many  species  identical  with 
those  of  the  calciferous  sand-rock,  the  formation  which  immediately 
overlies  the  Potsdam  sandstone  and  passes  down  into  it  imperceptibly. 

Huronian  teries. — Next  below  ttie  Upper  Cambrian  occur  strata 
called  the  Huronian  by  Sir  W.  Logan,  which  are  of  vast  thickDesa, 
consisting  chiefly  of  quartsite,  with  great  masses  of  greenish  chlori- 
tic  slute,  which  sometimee  ioclnde  pebbles  of  crystalline  rocks  derived 
from  the  Laurentian  formatjon,  next  to  he  described.  Limestones 
are  rare  in  this  series,  but  one  band  of  300  feet  in  thickness  has  been 
traced  for  considerable  distances  to  the  north  of  Lake  Huron.  Beds 
of  greenstone  are  intercalated  conformably  with  the  quartzose  and 
BTgiUaceoQs  members  of  this  series.  No  organic  remuns  have  jet 
been  found  in  any  of  the  beds  ;  and  whether  they  may  be  altered 
Lower  Cambrian  or  some  still  older  sedimentary  formation  in  a 
semi-metamorphic  state  is  uncertain.  The  HuroDian  strata  are 
about  18,000  feet  thick,  and  rest  nnconformably  on  the  Laurentian, 
next  to  be  described. 

LAUBENTUJf  BOCKS. 

In  the  course  of  the  geological  survey  carried  on  under  the  direc- 
tion of  Sir  W.  E.  Logan,  it  has  been  shown  that,  northward  of  the 
river  St.  Lawrence,  there  ia  a  vast  series  of  crystalline  rocks  of 
gneiss,  mica-schist,  quartzite,  and  limestone,  more  than  30,000  feet 
in  thickness,  which  have  been  called  Laurentian,  and  which  arc 
already  known  to  occupy  an  area  of  about  200,000  square  miles. 
They  are  not  only  more  ancient  than  the  fossiliferoos  Cambrian 
ibnnations  above  described,  but  are  older  than  the  Huronian  laet 
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inentioued,  and  bad  uadergooe  great  disturbing  moTements  before 
the  Potsdam  sandstone  and  the  other  "  primordial "  rocks  were 
formed.  The  older  half  of  this  LaucenUaii  series  is  UDConfonnable 
to  the  newer  portion  of  the  same. 

Upper  Laurentian  or  Labrador  $erU». — The  Upper  Group,  more 
than  10,000  feet  thick,  consists  of  stratified  crystalline  rocks  in 
which  no  organic  remains  have  jet  been  found.  The;  consist  in 
great  part  of  felspars,  which  vai-7  in  composition  from  aoortbite  to 
andesine,  or  from  those  kinds  in  which  there  is  less  than  one  per 
cent,  of  potash  and  soda  to  those  in  which  there  is  more  than  seven 
per  cent,  of  these  alkalies,  the  soda  preponderating  greatly.  These 
felsparites  sometimes  form  mountain  masses  almost  without  any 
admixture  of  other  miueraly  ;  but  at  other  times  they  include 
pyroxene,  which  paases  into  byperstheue.  Tbey  are  often  granitoid 
in  structure.  Ooo  of  the  varieties  is  the  same  as  the  opalescent 
labradorite  rock  of  Labrador.  The  Adirondack  Mountuns  in  the 
State  of  New  York  are  referred  to  the  same  series,  aod  it  is  con- 
jectured that  the  hypersthene  rocks  of  Skye^  which  resemble  this 
formation  in  mineral  character,  may  be  of  the  same  geological  age. 

Lower  Laurentian, — This  series,  about  20,000  feet  in  thickness, 
is,  as  before  stated,  unconformable  to  that  last  mentioned  ;  it  con- 
sists in  great  part  of  gneiss  of  a  reddish  tint  with  orthoclase 
felspar.  Beds  of  nearly  pure  quartz,  from  400  to  600  feet  thick, 
occur  in  some  places.  Hornblendic  and  micaceous  schists  are  often 
inters trati&ed,  and  beds  of  limestone  usually  crystalline. 

There  are  several  of  these  limestones  which  have  been  traced  to 
great  distances,  and  one  of  them  is  from  700  to  1600  feet  thick.  In 
the  most  massive  of  them  Sir  W.  Logan  observed  in  1859  what  be 
considered  to  be  an  organic  body  much  resembling  the  Silurian 
fossil  called  Stromatopora  ru^ota.  It  bad  been  obtained  the  year 
before  by  Mr.  J.  McCulloch  at  the  Grai^  Calumet  on  the  river 
Ottawa.  This  fossil  was  examined  in  1864  by  Dr.  Dawson  of 
Montreal,  who  detected  in  it,  by  aid  of  the  microscope,  the  distinct 
stracture  of  a  Rhizopod  or  Foraminifer.  Dr.  Carpenter  and  Prof* 
T.  Rupert  Jones  have  since  confirmed  this  opinion,  comparing  the 
structure  to  that  of  the  well-known  nawmulite.  It  appears  to  have 
grown  one  layer  over  another,  and  to  have  formed  reefs  of  lime- 
stone as  do  the  living  eoratbuilding  polyp  animals.  Parts  of  the 
original  skeleton,  consisting  of  carbonate  of  lime,  are  still  preserved ; 
while  certain  interspaces  in  the  calcareous  fossil  have  been  filled  up 
with  serpentine  and  white  augite.  On  this  oldest  of  known  organic 
remains  Dr.  Dawson  has  conferred  the  name  of  JSozoon  Canadettte ; 
its  antiquity  is  such  that  the  distance  of  time  which  separated  it 
from  the  Upper  Cambrian  period,  or  that  of  the  Potsdam  sandstone, 
may,  says  Sir  W.  Logan,  be  equal  to  the  time  which  elapsed  between 
the  Potsdam  sandstone  and  the  n n mm uli  tic  limestones  of  the  Tertiary 
period.  The  Laurentian  and  Huronian  rocks  united  are  about  50,000 
feet  in  thickness,  and  the  Lower  Laurentian  was  disturbed  before 
tbe  newer  series  was  deposited.  We  may  naturally  expect  that 
rr  3 

i.,|.,  II,  L.OOgIc 


580  SUPPOSED   PEHIOD   Of  [Ca.  XXVII. 

Other  proofs  of  u  neon  form  ability  will  hereafter  be  delected  %t  more 
thftn  one  point  in  so  vast  a  Gaccessien  of  strata. 

The  mineral  character  of  the  Uftper  Laarentian  ^ifftrs,  as  we 
have  seen,  from  that  of  the  Lower,  and  the  pebbles  of  gneiss  in  the 
Iluronian  conglomerates  are  thonght  to  prove  that  the  Lsvrentian 
strata  were  already  in  a  metamorphic  state  before  they  were  broken 
up  to  snpply  materials  for  the  Hnronian.  Even  if  we  had  not  dis- 
covered the  Eosoon,  we  might  foirly  hawe  inferred  from  analogy  that 
ns  the  qnartzites  were  once  beds  of  sand,  and  the  gneiss  and  mica- 
schist  derived  from  sbales  and  atgillaeeous  sandstones,  so  the  cal- 
careons  masses,  IVgm  400  to  1000  feet  and  more  in  thickness,  were 
originally  of  organie  origin.  This  is  now  genecally  believed  to 
have  been  the  case  with  the  Silurian,  Devonian,  Carbon ifbronfi. 
Oolitic,  and  Cretaceous  limestones  and  those  nuramalitie  rocks  of 
tertiary  date  which  bear  the  closest  aSnity  to  the  Eoaoon  reefs  of 
the  Lower  Laurenttan.  The  oldest  stratified  rock  in  Scotland  i$ 
that  called  by  Sir  R.  Murchison  "the  fundamental  gneiss,"  which 
forms  the  whole  of  the  island  of  Lewis  in  the  Hebrides.  On  this 
gneiss,  in  parts  of  the  Western  Highlands,  the  Lower  Cambrian  and 
various  metamorphic  rocks  rest  unconfbrmably.  It  is  cenjectnred 
that  this  ancient  gneiss  of  Scotknd  may  correspond  in  date  with 
part  of  the  great  Lanrentian  group  of  North  America. 


Suppoted  Period  of  IitverUbrate  Animalt. — We  have  seen  that  in 
tlie  upper  part  of  the  Silurian  system  a  bone-bed  occurs  near  Lndlow, 
in  which  the  remains  of  Bsh  are  abundant,  and  amcmgst  them  some 
of  highly  organized  structure,  referred  to  the  genera  Onehtu  and 
Pteratpis.  We  are  indebted  to  Sir  R.  Murchison  for  having  first 
announced,  in  1840,  the  discovery  of  these  ichthyolitee,  and  he  then 
spoke  of  them  as  "  the  most  ancient  beings  of  their  class."  In  the 
third  edition  of  his  classical  work  *,  he  has  reverted  to  the  opinion 
formerly  expressed  by  him,  observing  that  the  active  researches  of 
the  last  twenty  years  in  Europe  and  America  "  had  failed  to  modify 
that  generalization."  He  also  adds :  "  The  Silurian  system  therefore 
may  be  regarded  as  representing  a  long  period  in  which  no  verte- 
brated  animals  had  been  called  into  existence." 

In  the  same  year  (1859}  in  which  this  remark  was  hazarded,  the 
discovery  af  the  Pteratpit,  mentioned  by  us  at  p.  552.,  in  the  Lower 
Ludlow  rocks,  carried  back  o«r  knowledge  of  the  eristence  of  fish 
one  step  farther  into  the  history  of  the  past.  But  it  is  still  a  Jbct 
well  worthy  of  notice  that  no  remains  of  vertebrata  have  yet  been 
met  with  in  any  strata  older  tliaa  the  Lower  Lodlow. 

When  we  reflect  on  the  hundreds  of  Mollusks,  Echinoderms,  Trilo- 
bites.  Corals,  and  other  fossils  already  obtained  from  more  anient 
Silurian  formations,  Upper,  Middle,  and  Lower,  we  may  well  ask, 
*  Siliuio,  p.  2Se.,  1SS9. 
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whether  any  set  of  fossiliferoua  rock§  newer  in  the  series  were  ever 
Rtudied  with  equal  diligence  and  over  so  vast  an  area  without  yield- 
ing a  single  icbthyolite. 

Yet  we  ought  to  hesitate  beforo  we  accept,  even  on  such  evidence, 
BO  sweeping  a  concluBion,  as  that  the  globe,  for  ages  after  it  was 
inbabited  bj  all  tbe  great  classes  of  invertebrata,  remained  wholly 
untenanted  b^  vertebrate  animals.  In  the  first  place,  we  must  re- 
member that  we  b«Te  detected  no  insecta,  orhuid-ihella,  or  freehwater 
pulmoniferons  mollusks,  or  terrestrial  crustaceans,  or  plants  (with 
tbe  exception  «f  fbcoids)^  in  rocka  below  the  Upper  Silurian.  Their 
absence  may  admit  of  explanation,  by  supposing  almost  all  the  de- 
posits of  that  era  hitherto  examined  to  have  been  formed  in  seas  far 
IVom  land  or  beyond  the  influence  of  rivers.  Hereand  there,  indeed, 
a  shallow- water,  or  even  a  littoral,  deposit  nay  have  been  met  wiLli 
in  ^orth  Wales  or  North  America ;  but,  speaking  generally,  the 
Silurian  deposits,  as  at  present  known,  have  certainly  a  more  pelagic 
character  than  any  other  of  equal  extent  and  thickness. 

It  is  a  curious  fact,  and  not  perhaps  a  mere  fortnitoui  coincidence, 
that  tbe  only  stratum  iu  which  land-plants  occur  is  also  the  only 
oue  which  has  yielded  the  remains  of  fish  in  any  considerable 
abundance.  Bone-beds  in  general,  such  as  that  of  the  uppermost 
Trias  at  Bristol  and  Stuttgart,  or  that  of  the  Carboniferous  Lime- 
stone near  Bristol  and  Armagh,  or,  lastly,  that  of  the  "  Upper 
Lndlow,"  are  remarkable  for  containing  teeth  and  bones,  much 
rolled,  and  implying  transportation  from  a  distance.  The  association 
of  the  sporangia  of  Lycopodiaceie  (see  p.  £48.)  with  tbe  Lndlow 
fish-bones  shows  that  plants  had  been  washed  from  some  dry  land, 
then  existing,  and  had  been  drifted  into  a  common  submarine  re- 
ceptacle with  the  bones ;  and  it  is  well  known  that  in  tbe  present 
state  of  tbe  glofce  fish  occur  in  the  greatest  numbers  at  the  junction 
of  rivers  with  the  sea.  Where  the  Upper  Ludlow  is  devoid  of 
plants,  as  is  usually  the  case,  it  is  as  destitute  of  ichthyolites  as  are 
the  Wenlock  or  Llandeilo  beds. 

It  has  been  suggested  ia  explanation,  that  Cephalopoda  were  so 
abundant  in  the  Silurian  period  that  they  may  have  discharged  the 
functions  of  fish ;  to  which  we  may  reply  that  both  classes  coexisted 
in  the  Upper  Silvrian  period,  and  both  c^  them  swarmed  together  ia 
the  Carboniferous  and  Liassic  seas,  as  they  do  now  in  certain  parts 
of  the  ocean.  We  may  also  remark  that  we  -are  too  imperfectly 
acquainted  with  the  distribution  of  scattered  bones  and  teeth  or  the 
sketetona  of  dead  fish  on  tbe  floor  of  the  existing  ocean,  to  have  a 
right  to  theorise  with  confidence  on  the  absence  of  such  relics  over 
wide  spaces  at  any  former  era. 

They  who  in  our  own  times  have  explored  the  bed  of  the  sea 
inform  us  that  it  is  in  general  as  barren  of  vertebrate  rem^s  as 
the  soil  of  a  forest  on  which  thousands  of  mammalia  aod  reptiles 
have  flourished  for  centuries.  In  the  summer  of  ISfiO,  Prof  £. 
Forbes  and  Mr.  McAndrew  dredged  the  bed  of  the  British  seas 
from  the  Isle  of  Portland  to  the  Land's  End  in  Cornwall,  and 
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thence  again  to  Shetland,  recording  and  tabulating  the  numbers  of 
the  various  organic  bodies  brought  up  b^'  them  in  the  course  of 
140  distinct  dredgings,  made  at  different  distances  from  the  shore, 
some  a  quarter  of  a  mile,  others  fortj  miles  distant.  The  list  of 
species  of  marine  invertebrate  animals,  whether  Kadiata,  Mollusca, 
or  Articulato,  was  verj  great,  and  the  number  of  indiyiduala  enor- 
mous ;  but  the  onljr  instances  of  vertebrate  animals  consisted  of  a 
few  ear-bones,  and  two  or  three  vertebns  of  fish,  in  all  not  above 
six  relics. 

It  is  still  more  extraordinary  that  Mr.  HcAndrew  should  have 
dredged  the  great  "  Ling  Banks "  or  cod-fisher/  grounds  off  the 
Shetland  Islands  for  shells  without  obtaining  the  bones  or  teeth  of 
any  dead  fieb,  aJtbough  he  sometimes  drew  up  live  fish  from  the 
mud.  This  is  the  more  singular  because  there  are  some  areas  where 
recent  fisb-bones  occur  in  the  same  novthern  seas  in  profusion,  as  I 
have  shown  in  the  "  Principles  of  Geology  "  (see  Index,  "  Vida)  ") ; 
two  bone-beds  having  been  discovered  by  British  hydrographers,  one 
in  the  Irish  Sea,  and  the  other  in  the  sea  near  the  Faroe  lalee,  the 
first  of  them  two,  and  the  other  three  and  a  half  miles  in  length, 
where  the  lead  brings  up  everywhere  the  vertebne  of  fish  from 
various  depths  between  45  to  235  fathoms.  These  may  be  compared 
to  the  Upper  Ludlow  bone-bed  ;  and  on  the  floor  of  the  ocean  of 
our  times,  as  on  that  of  tlie  Silurian  epoch,  there  are  other  wide  spaces 
where  no  bones  are  embedded  in  mud  or  sand. 

It  may  be  true,  though  it  sounds  somewhat  like  a  paradox,  that 
fish  leave  behind  them  no  memoriab  of  their  presence  in  places 
where  they  swarm  and  multiply  freely  ;  whereas  currents  may  drift 
their  bones  in  great  numbers  to  regions  wholly  destitute  of  living 
fish.  Such  ft  state  of  things  would  be  quite  analogous  to  what 
takes  place  on  the  habitable  land,  where,  instead  of  the  surface 
becoming  encumbered  with  heaps  of  skeletons  of  quadruped^ 
birds,  and  land-reptiles,  all  solid  bony  substances  are  removed 
after  death  by  chemical  processes,  or  by  the  digestive  powers  ot 
predaceons  beasts ;  so  that,  If  at  some  future  period  a  geologist 
should  seek  for  monuments  of  the  former  existence  of  snch  crea- 
tures, he  mnst  look  anywhere  rather  than  in  the  area  where  they 
flourished.  He  must  search  for  them  in  spots  which  were  covered 
at  the  time  with  water,  and  to  which  some  bones  or  carcases  may 
have  been  occasionally  carried  by  floods  and  permanently  buried  in 
sediment. 

In  the  annexed  Table,  a  few  dates  are  set  before  the  reader  of  the 
discovery  of  different  classes  of  animals  in  ancient  rocks,  to  enable 
him  to  perceive  at  a  glance  how  gradual  has  been  our  pt^ress  in 
tracing  back  the  signs  of  vertebrata  to  formations  of  high  antiquity. 
Such  facts  may  be  useful  in  warning  us  not  to  assume  loo  hftstil* 
hat  the  point  which  our  retrospect  may  have  reached  at  the  present 
moment  can  be  regnrded  as  fixing  the  date  of  the  first  inlroduction 
of  any  one  class  of  beings  upon  the  earth. 
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Datei  of  the  Diieovtry  of  different  Claiiet  of  Fouil  Verlebrata ; 
showing  the  gradual  Progrtst  made  in  tracing  them  to  Socks  of 
higher  antiquity. 


rl798.-Dpper  Eocene. 

Puis     (Orpsoni     of 

UunmiJis. 

Hootiiuirtre}.' 

IS18.-LowerOolile. 

IM7.-Upper  Triw. 

Stuttgart.' 

1783 — Upper  Eocene. 

"i,i°JK7 " 

1839.-Lower  Eocene. 

Isle  of  Sheppej  (Lon- 
don Clay).* 

ATM. 

1854.— 

Woolwich  Beda." 

18S5.— 

aicndon  (PluEic 
Clay).' 

1863.— UpptrOoliW. 

1710.— PermUn  (or  Ze«h»l«in>. 

Thnringi.." 

BeptilU. 

Treves." 

1709.- PGrmiui  (or  EapfeT-scMerer). 

ThnringiB." 

GiMgOW." 

PiBCW. 

•tone). 
1S38.— DGvoninn. 

Cwthnew." 

184a— Upper  Ladloir. 

Ludlow." 

1859.- Lower  Ladlow. 

Leintwardine." 

'  George  Cd Tier.  Bnlletin  Soc,  Philom.iXX.  ScHtteredboneibadbeenfoandin 
tbe  gjpnim  rams  yean  before;  but  ihey  were  deiennined  oateoli^caUy,  and  tbeii 
irne  geological  poiitioa  wu  uiigned  to  tbem  in  thii  memoir. 

'  In  I81B,  CoTier,  viiiciiig  ihe  Muienm  of  Oxford,  decided  on  the  mammalian 
cbaracler  of  a  jaw  fhim  Stonesfield.     See  alao  abore,  p.  404. 

*  Ptieninger,  Prof.     Sea  aboTe,  p>  430. 

*  M.  Darcet  diicoTcred,  and  I^manon  figured,  at  a  fottil  bird,  tome  remains 
Iroin  Hpntmartre,  alUrwardi  reccwnized  it  snch  br  CaTier  (Ottement  Foti.,  Art. 
"Oitetnjc"). 

'  Owen,  Prof.,  GeoL  Tnint.,  and  Ser.,  toI.  tL  p.  S03..  1839.  The  foMil  bird  dtt- 
coTered  in  the  tame  year  in  the  tUtet  of  Glarit  in  the  Alpt,  and  at  flriL  referred  to 
the  chalk,  i>  now  mpposed  to  belong  to  the  Jfummnlitic  beds,  and  may  Iherefon 
be  of  newer  dale  than  the  Sheppey  Clay. 

'  A  bird'a  bone  ia  alto  recordal  by  Mr.  Prettwich  as  baring  been  (bnnd  by  U. 
de  la  Condamine  in  tbo  npper  part  of  the  Woolwich  beds.  (Quart.  OeoL  Joum., 
vol.  X.  p.  137.) 

'  Early  in  1835  the  tibia  and  femnr  of  a  large  bird  equalling  at  least  the  ostrich 
ta  siie  were  found  al  Meudon  near  Parii.  at  the  bate  of  the  Plailic  Clay.  Tfait 
bird,  to  which  the  name  of  Ga^omit  Pariiiaait  hat  tteen  atsigned,  appean.  from 
the  Memoin  of  MM.  Hfbert,  Lartet,  and  Owen,  to  belong  to  an  extinct  gennt. 
Profettor  Owen  refers  it  to  the  claisofwading  land-birds  rather  than  to  an  aquatic 
tpeciei.    (Quart.  Geo).  Jonm.,voL  zii.  p.  304.,  1836. 

*  Mr.  Louis  Barrett  found  many  partt  of  the  akelelon  of  a  bird  of  the  gull  tribe 
in  the  coprolilic  bed,  in  the  Upper  Greenaand  (tee  above,  p.  330.). 

*  The  Archaopteryx  maeriira.  Owen,  was  determined  to  be  a  bird  by  Owen 
in  1BS3.  It  occurred  in  Ihe  lilhograpbic  stone  of  Solenhofen,  in  which  a  lingle 
feather,  probably  of  the  tame  bird,  had  preTioutly  been  found  (see  above,  p.  394.). 

"  The  roa>ilmoniti>rofThnrinf(ia(/VDrDn»auriit£'/ifli>ri,V.  Meyer)  was  figured 
bySpener,  of  Berlin,  in  1810.    (Mitcel.  Berlin.) 
"  See  abore,  p.  503. 

"  McDiorabilia  Saxonia  Sublerr^  Leipsle.  1709. 
■■  Hittoiy  of  Bntherglen,  by  Rer.  David  Ure,  1793. 

"  Sedf;wick  and  Mnrchison,  Geol.  Tiunt.,  Second  Ser.,  vol  iii.  p.  141.,  183S. 
'*  Sir  B.  Mwobiiou.     Bee  aboTe,  p.  348. 
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le  above,  p.  SSS.))  f<xin^  Pteiupit  in  pn- 

Obt. — The  evidence  detiTed  from  fbotprintB,  though  often  to  be  nlied  to.  It 
oinitted  in  the  above  t&ble,  u  beiDg  leu  exact  than  that  foanded  on  bonei  ud 
teeth. 

There  are  manj  writers  still  liviag  who,  before  the  J'ear  1854, 
generalized  fearlessly  on  the  non-exist«nca  of  reptiles  in  times  u- 
tecedent  to  the  Permian ;  yet  in  the  course  6f  nineteen  years  they 
have  lived  to  see  the  remains  of  reptiles  of  more  than  one  family 
exhumed  from  various  parts  of  the  Carboniferous  series.  Beforetbe 
year  1818,  it  was  the  popular  belief  that  the  Falaotherinm  of  the 
Paris  gypsam  and  its  associates  were  the  first  warm-blooded  qnadni- 
peda  that  ever  trod  the  surface  of  this  planet.  So  fixed  was  thie 
idea  in  the  minds  of  the  majority  of  naturalists,  that,  when  at  length 
the  Stonesfield  Mammalia  were  brought  to  light,  they  were  most  on- 
willing  to  renounce  their  creed.  First,  the  antiquity  of  the  rockms 
called  in  question  ;  and  then  the  mammalian  character  of  the  relics- 
But  when  at  length  all  controversy  was  set  at  rest  on  tiiis  point, 
the  real  import  of  the  new  revelation,  as  bearing  on  the  doctrine  of 
progressive  development,  was  far  from  being  duly  appreciated. 

Their  significance  arose  from  the  aid  they  afibrded  us  in  estinntinK 
the  true  value  of  negative  evidence,  when  adduced  to  establish  the 
non>exiBteiice  of  certain  classes  of  aoimak  at  given  periods  of  the 
pasL  Every  zoologist  will  admit  that  between  the  first  creation  >M 
the  fiual  extinction  of  any  one  of  the  oolitic  mammalia  novr  knomii 
whether  at  Stonesfield  or  Piirbeck,  there  were  oiany  successive 
generations ;  and,  even  if  the  geographical  range  of  each  species  wU 
very  limited  (which  we  have  no  right  to  assume),  still  there  ns^t 
have  been  several  hundred  individnals  in  each  generation,  and  pro- 
bably when  the  species  reached  its  maximuni,  several  thousaods. 
When,  therefore,  we  encounter  for  the  first  time  in  1854  twoM 
three  jaws  of  SUreognalhta  or  Spalaeotherium,  after  coonlkw 
specimens  of  MoDusca  and  Crustacea,  and  many  insects,  fish,  ui 
reptiles  had  been  previoaaly  collected  from  the  same  beds,  ve  are 
not  simply  taught  that  these  individual  quadrupeds  fionrished  at  the 
eras  in  question,  but  that  thousands,  perhaps  hundreds  of  thoussuds, 
of  the  same  species  peopled  the  land  without  leaving  behind  thm 
any  trace  of  their  existence^  whether  in  the  shape  of  fossil  boneioT 
footprinta  ;  or,  if  they  left  any  traces,  these  have  eluded  a  long  and 
most  laborious  search. 

Moreover,  we  must  never  forget  how  many  of  the  dates  given  m 
the  above  table  (p.  583.)  are  dne  to  British  skill  and  enei^,  Gn>t 
Britain  being  still  the  only  country  in  the  world  in  which  manmslis 
have  been  found  in  oolitic  rock&  And  if  geology  had  been  oolti* 
vated  with  less  28^  in  our  island,  we  should  know  very  little  a* 
yet  of  two  extensive  assemblages  of  tertiary  mtunmalla  of  higlt^ 
antiquity  than  the  fauna  of  the  Paris  gypsum  (already  cited  as 
having  once  laid  claim  to  be  the  earliest  tiiat  ever  flourished  on  tbs 
earth) — namely,  first,  that  of  the  Headon  series  (aee  above,  p.!^)t 
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knd,  secondly,  one  long  prior  to  it  in  dftte,  and  antecedent  to  the 
London  Claj.  Tbis  last  has  already  Kffbrded  ns  indications  of 
Cheiroptera,  Pachydermata,  and  Mannpiala  (see  p.  292.).  How 
then  can  we  doubt,  if  the  globe  were  to  be  studied  with  the  eame 
diligence,  if  the  six  great  continenta,  Europe,  Asia,  Africa, 
North  and  Sooth  America,  and  Aastratia,  were  eqnallj  well  known, 
that  every  date  assigned  by  us  in  the  above  Table  for  the  earliest 
recorded  appearance  of  fish,  reptiles,  birds,  and  mammals,  would 
have  to  be  altered  and  shifted  back  ?  Nay,  if  one  other  area, 
■uch  as  part  of  Spain,  of  the  size  of  England  and  Scotland,  were 
subjected  to  the  same  scratiny  (and  we  are  still  very  imperfectly 
acquainted  even  with  Great  Britain),  each  class  of  vertebrata  would 
perhaps  recede  one  or  more  steps  farther  back  into  the  abyss  of 
time  :  fish  might  penetrate  into  the  Lower  Silurian, — reptiles  into 
the  Upper  Devonian, — mammalia  into  the  Lower  Trias, — birds  into 
the  Middle  Oolite, — and,  if  we  turn  to  the  Invertebrata,  Trilobites 
and  CephiJopods  might  descend  into  the  IjOwcf  Cambrian, — and 
Foramiuifera  into  rocks  now  styled  Azoic,  and  older  than  the  Lower 
Lauren  tian. 

Ye^  after  these  and  many  more  analogous  revisions  of  the  Table, 
the  order  of  chronological  succession  in  the  difierent  classes  of  fossil 
animals  would  probably  continue  the  same  as  now ; — in  other 
words,  our  success  in  tracing  back  the  remains  of  each  class  to  re- 
mote eras  would  be  greatest  in  fishes,  next  in  reptiles,  and  leset  in 
mammalia  and  birds. 

We  have  of  late  years  acquired  striking  proofs  of  the  difficulty  of 
detecting  the  bones  of  man  in  those  strata  in  which  the  works  of 
bis  hands  in  the  shape  of  flint  implements  abound.  There  arc  also 
Urge  tracts  of  Eocene  rocks  very  prolific  of  shells  and  other  or- 
ganisms, as  in  Belgium,  for  example,  which  have  been  diligently 
studied  for  nearly  a  century  without  yielding  a  single  bone  of  a 
mammifer.  In  the  whole  world  the  cretaceous  and  oolitic  rocks 
have  each  of  them  only  affbrded  as  yet  a  single  example  of  a  fossil 
bird.  It  would  almost  seem  as  if  the  higher  tbe  type  of  organiza' 
tioD  the  more  powerful  the  spell  required  to  evoke  the  remains  of  a 
fossil  being  from  its  stony  sepulchre. 


That  we  should  meet  with  ichthyolites  more  universally  at  each 
era,  and  at  greater  depths  in  the  series,  than  any  other  class  of 
fossil  vertebrata,  would  follow  partly  from  our  having  as  palteontolo- 
gists  to  do  chiefly  with  strata  of  marine  origin,  and  partly,  be- 
cause bones  offish,  however  partial  and  capricious  their  distribution 
on  the  bed  of  the  sea,  are  nevertheless  more  easily  met  with  than 
those  of  reptiles  or  mammalia.  In  like  manner  the  extreme  rarity 
of  birds  in  Recent  and  Pliocene  strata,  even  in  those  of  fresh- 
iwaler  origin,  might  lead  us  to  anticipate  that  their  remains  would 
be  obtained  with  ^e  greatest  difficulty  in  the  older  rocks,  as  the  Table 


I,  L.OOgIc 


586  EARLIEST   KNOWN   VERTEBBATA.        [Ch.  XXTIL 

prOTes  to  bo  the  caae.^ven  in  tertiary  strata,  wherein  we  can  more 
readily  find  deposits  formed  in  lakes  and  estuaries. 

The  only  incongruity  between  the  geological  results,  and  those 
which  our  dredging  experiences  might  have  led  ua  to  anticipate 
a  priori,  consists  in  the  frequency  of  fossil  reptiles,  and  the  com- 
parative scarcity  of  mammalia.  It  would  appear  that  during  all  the 
secondary  periods,  not  even  excepting  the  newest  part  of  the  creta- 
ceous, there  was  a  greater  development  of  reptile  life  than  is  now 
witnessed  in  any  part  of  the  globe.  The  preponderance  of  this 
class  over  the  mammalia  may  have  depended  in  part  on  climstal 
conditions,  but  it  seems  also  clearly  to  imply  the  limited  develop- 
ment^ if  not  the  total  absence,  before  the  Tertiary  period  of  the 
placental  mammalia,  whether  terrestrial  or  aquatic,  which,  when 
they  became  dominant,  acquired  power  to  check  and  keep  down  tbs 
class  of  vertebrata  nearly  allied  to  them  in  structure,  and  coming 
moat  directly  in  oompetition  with  them  in  the  straggle  for  life. 
For  notwithstanding  the  impossibility  of  assigning  even  conjectural 
limits  to  the  chronological  extension  of  each  class  of  vertebrata  u 
we  trace  them  farther  and  farther  back  into  the  past,  it  cannot  be 
denied  that  our  failure  to  detect  signs  of  them  in  older  strata,  ia 
proportion  to  the  rank  of  their  organization,  favonra  the  docbioeof 
development,  or  at  least  of  the  successive  appearance  on  the  earth  of 
beings  more  and  more  highly  organized,  calminating  at  last  in  the 
advent  of  Man  himaelf. 
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CHAPTER  xxym. 

VOLCANIC  SOCKS. 


Trap  rocks  — Name,  whence  derived — Their  igncons  origin  at  first  flonbled — 
Ttieir  general  appeanmce  and  charaeter  —  Volcanic  cbnes  and  craters,  how 
formed — Mineral  composition  and  textnre  of  Tolcanic  rocks  —  Taricties  of 
felspar— Hornblende  and  augitc — Isomorphiam  —  Bocks,  how  to  be  itudied — 
Basalt,  trachjte,  greenstone,  porphyry,  scoria,  amygdaloid,  lava,  tuff — A^lo- 
nicroce — Lalerile— Alphabetical  list,  and  expknatioQ  of  Dames  and  synooyais,  of 
\  olcanic  rocks  —  Table  of  the  aoalysee  of  miDerals  most  abnndunt  in  the  vol- 
canic and  hjpogene  rocks. 

The  aqueous  or  fosBiliferoua  rocks  bAviog  now  been  described,  ire 
have  next  to  examine  those  whicb  may  be  called  volcanic,  in  the 
most  extended  K3ue  of  tluit  term.     Sujqiose  a  a  in  the  Annexed 


dii^ram,  to  represent  the  crystalline  formations,  sncli  an  the  granitin 
and  metamorpbic ;  i6  the  fossiliferous  strata;  and  cethe  Tolcaaio 
rocks.  These  lost  are  sometimes  Found,  as  was  explained  in  the  first 
chapter,  breaking  through  a  and  b,  sometimes  overlying  both,  and 
occasionally  alternating  with  the  strata  t>  b.  They  also  are  seen,  in 
^me  instances,  to  pass  insensibly  into  the  nnstmtified  divisioa  of  a, 
or  the  Plutonic  rocks. 

When  geologists  first  began  to  examine  attentively  the  structure 
of  the  northern  and  western  parts  of  Europe,  they  were  almost  en- 
tirely  ignorant  of  the  phenomena  of  existing  Tolcanos.  They  fonnd 
certain  rocks,  for  the  most  part  without  stratification,  and  of  a 
peculiar  mineral  composition,  to  which  they  gave  difierent  names, 
such  as  basalt,  greenstone,  porphyry,  and  amygdaloid.  All  these, 
which  were  recognized  as  belonging  to  one  family,  were  called  "  trap  " 
by  Bcrgmann,  from  trappa,  Swedish  for  a  flight  of  steps — a  name 
since  adopted  very  generally  into  the  nomenclature  of  the  science  ; 
for  it  was  observed  that  many  rocks  of  this  class  occarred  in  great 
tabular  masses  of  imequal  extent,  so  as  to  form  a  succession  of  ter< 
races  or  steps  on  the  sides  of  bills.  This  configuration  appears  to 
be  derived  from  two  canses.  First,  the  abrupt  original  terminations 
of  sheets  of  melted  matter,  which  have  spread,  whether  on  the  land 
or  bottom  of  the  sea,  over  a  level  surface.  For  we  know,  in  the 
case  of  lava  flowing  from  *  volcano,  that  a  stream,  when  it  haa 
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ceased  to  flow,  and  grown  Bolid,  very  commonly  ends  in  a  eteep  slope, 
aa  at  u,  fig.  673.     But,  secondly,  the  step>like  appearance  arises 
more  frequently  from  the  mode  in  which 
^^t-"*-  horizontal  masses  of  igneous  rock,  such 

as  &  c,  intercalated  between  aqueous 
strata,  or  showers  of  volcanic  dust  and 
ashes,  have,  BnbBequently  to  their  origin, 
been  exposed,  at  different  heights,  by 
denudation.  Such  an  outline,  it  is  true, 
is  not  peculiar  to  trap  rocks;  great  beds 
8(ep.ii*.iipp«™«o(tr^  pf  limestone,  and  other  hard  kinds  of 
stone,  often  presenting  similar  terraces  and  precipices:  but  these 
are  usually  on  a  smaller  scale,  or  less  numerous,  than  the  volcanic 
stept,  or  form  less  decided  features  in  the  landscape,  as  being  less 
distinct  in  structure  and  compositiou  from  the  associated  rocks. 

Although  the  characters  of  trap  rocks  are  greatly  diversified,  the 
beginner  will  easily  learn  to  distinguish  them  as  a  class  &om  the 
aqueous  formations.  Sometimes  they  present  themselves,  as  already 
ttated,  in  tabular  masses,  which  are  not  divided  by  horimntal  pluws 
of  stratification  in  the  manner  of  sedimentary  deposits.  Sometimes 
they  form  chains  of  hills  ofton  conical  in  shape.  Not  unfrequently 
they  are  seen  as  "  dikes  "  or  waU4ike  masses,  intersecting  fossili* 
ferouB  beds.  The  rock  is  occasionally  columnar,  the  colunuas  some- 
times  decomposing  into  balls  of  various  sizes,  from  a  few  inches  to 
several  feet  in  diameter.  The  decomposing  surface  very  commonly 
assumes  a  coating  of  a  rusty  iron  colaur,  from  the  oxidation  of  fem- 
ginous  matter,  so  abundant  in  the  traps  in  which  augite  or  hon- 
bleude  occur ;  or,  in  the  felspatbic  varieties  of  trap,  it  acquires  a 
white  opaque  coaling,  from  tha  bleaching  of  the  mineral  called  fel< 
epar.  On  examining  any  of  these  volcanic  rocks,  where  they  have 
not  suffered  disintegration,  we  rarely  &il  to  detect  a  crystalline 
arruigement  in  one  or  more  of  the  component  minerals.  Stunetimes 
the  texture  of  the  mass  is  cellular  or  porous,  or  we  perceive  that  it 
has  once  been  full  of  pores  and  cells,  which  have  afterwards  become 
filled  with  carbonate  of  limie,  or  other  infiltrated  mineraL 

Most  of  the  volcanic  rocks  produce  a  fertile  soil  by  their  diaote* 
gration.  It  seems  that  their  component  ingredients,  silica^  alumina, 
lime,  potash,  iron,  and  die  rest,  are  in  proportions  well  fitted  for 
the  growth  of  vegetation.  As  they  do  not  effervesce  with  acids,  a 
deficiency  of  calcareous  matter  might  at  first  be  suspected;  but 
although  tie  carbonate  of  lime  is  rare,  except  in  the  nodalee  of 
amygdaloids,  yet  it  will  be  seen  tkat  lime  sometimes  enters  largely 
into  the  composition  of  augite  and  hornblende.  (See  Table,  p.  602.) 
Conet  and  Cratert. — In  regions  where  the  eruption  of  volcanic 
matter  has  taken  place  in  the  open  air,  and  where  the  surface  ha^ 
never  since  been  subjected  to  great  aqueous  denudation,  cones  and 
craters  constitute  the  most  striking  peculiarity  of  this  class  of  fonn- 
aldons.  Many  hundreds  of  these  cones  are  seen  in  central  Fraaeei 
in  the  ancient  provinces  of  Auvergne,  Velay,  and  Vivarais,  where 
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the;  observe,  for  the  most  part,  a  linear  amagement,  and  form 
chains  of  hiUs.  AlUiougti  none  of  the  eruptions  hare  happened 
within  the  hiBtorical  era,  the  streams  of  lava  may  still  be  tncoA  dis- 
tinctly descending  from  many  of  the  craters,  and  following  the  lowest 
levels  of  the  existing  valleys.     The  origin  of  the  cone  and  crater- 
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shaped  hill  ia  well  anderatood,  the  growth  of  many  having  been 
watched  during  volcanic  eruptions.  A  chasm  or  fissure  first  opens 
in  the  earth,  from  which  great  volumes  of  steam  and  other  gases  are 
evolved.  The  explosions  are  so  violent  as  to  hurl  up  into  the  air 
fh^gntents  of  broken  stone,  ports  of  which  are  shivered  into  minute 
atoms.  At  the  same  time  melted  stone  or  lava  usually  ascends  through 
the  «luniney  or  vent,  by  vrhich  the  gases  make  their  escape.  Although 
extremely  heavy,  this  lava  is  forced  up  by  the  expansive  power  of 
entangled  gaseous  fluids,  chiefly  steam  or  aqueous  vapour,  exactly  in 
the  same  manner  as  water  is  made  to  boil  over  the  edge  of  a  vessel 
when  steam  has  been  generated  at  the  bottom  by  heat.  Large 
quantities  of  the  lava  are  also  shot  up  into  the  air,  where  it  separates 
into  fragments,  and  acquires  a  spongy  texture  by  the  sudden  enlai^e- 
ment  of  the  included  gases,  and  thus  forms  icoria,  other  portions 
being  reduced  to  an  impalpable  powder  or  dusL  The  showering 
down  of  the  various  ejected  materials  round  the  orifice  of  eruption 
gives  rise  to  a  conical  mound,  in  which  the  successive  envelopes  of 
suid  and  scarife  form  layers,  dipping  on  all  sides  from  a  central  axis. 
In  the  mean  time  a  hollow,  called  a  crater,  has  been  kept  open  in 
the  middle  of  the  mound  by  the  continued  passage  upwards  of  steam 
and  other  gaseous  fluids.  The  lava  sometimes  flows  over  the  edge  of 
the  crater,  and  thus  thickens  and  strengthens  the  sides  of  the  cone; 
but  sometimes  it  breaks  down  the  cone  on  one  side  (see  fig.  674-), 
and  often  it  flows  out  from  a  fissure  at  the  base  of  the  hill,  or  at 
some  distance  from  ita  base.* 

Composition  and  nomenclature. — Before  speaking  of  the  connection 
between  the  products  of  modern  volcanos  and  the  rocks  usually  styled 
trappean,  and  before  describing  the  external  forms  of  both,  and  the 
manner  and  position  in  which  they  occur  in  the  earth's  crust,  it  will 
be  desirable  to  treat  of  their  mineral  composition  and  names.  The 
varieties  most  frequently  spoken  of  are  basalt  and  trachyte,  to  which 
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dolerite,  greenstone,  clinkstone,  and  othere  might  be  added;  while 
thoee  founded  chiefly  on  peculiarities  of  texture,  are  porphjiy, 
amygdaloid,  lava,  volcanic  breccia  or  agglomerate^  tuff,  ficorie,  and 
pumice.  It  may  be  stated  generallj,  that  all  these  are  mainly  com- 
posed of  two  minerals,  or  families  of  simple  minerals,  feUpar  and 
hombletide ;  but  the  felspar  preponderates  greatly  even  in  those 
rocks  to  which  the  hombleadic  mineral  imparts  its  distinctive  cha- 
racter and  prevailing  colour. 

The  two  minerals  alluded  to  may  be  regarded  as  two  groups,  rather 
than  species.  Felspar,  for  example,  may  be,  first,  common  felspar 
(often  called  Orthoclase),  that  is  to  say,  potash-felspar,  in  which  the 
predominant  alkali  is  potash  (see  Table,  p.  602.) ;  or,  secondly,  albita 
Le.  soda-felspar,  where  the  predominant  alkali  is  soda  ;  or,  thirdly, 
Oligoclase,  in  which  there  is  also  more  soda  than  potash,  but  which 
contains  less  silica  thtin  albite ;  or,  fourthly,  Labrador-felspar  (I^bra- 
dorite),  which  differs  not  only  in  its  iridescent  hues  and  cleavage, 
but  also  in  containing  less  silica  than  albite,  and  in  having  lime 
in  its  base.  Anorthite,  so  called  from  the  oblique  interfacial  angles 
of  its  rhomboidal  prisms,  is  nearly  allied  in  composition  with  La- 
bradorite.  As  to  "glassy  felspar"  and  "compact  felspar,"  they 
cannot  rank  as  varieties  of  equal  importance,  for  both  the  albitic  and 
common  felspar  appear  sometimes  in  transparent  or  glattif  crystab ; 
and  compact  felspar,  or  petro-silex,  is  a  compound  of  a  less  definite 
nature,  sometimes  containing  largely  both  soda  and  potash.  It  mightbe 
called  a  felspathic  paste,  being  the  residuary  matter  after  portions  of 
the  original  matrix  have  crystaDized.  Recent  analysis  has  shown  that 
nil  thevarietiesof  felspar  may  contmn  both  potash  and  soda,  although 
in  some  of  them  the  potash,  and  in  others  the  soda,  greatly  prevails. 
The  homhUndic  group  consists  principally  of  two  varieties;  firs^ 
hornblende,  and,  secondly,  augite,  which  were  once  regarded  as 
very  distinct,  although  now  some  eminent  mineralogists  are  in  doubt 
whether  they  are  not  one  and  the  same  mineral,  differing  only  at  one 
crystalline  form  of  native  sulphur  differs  from  another. 

The  history  of  the  changes  of  opinion  on  this  point  is  curious  and 
instructive.  Werner  first  distinguiahcd augite  from  hornblende;  and 
his  proposal  to  separate  them  obtained  i^terwards  the  sanction  of 
Haiiy,  Mobs,  and  other  celebrat«d  mineralogists.  It  was  agreed  that 
the  form  of  the  crystals  of  the  two  species  were  different,  and  their 
structure,  as  shown  by  cleavage,  that  is  to  say,  by  breaking  or  cleaving 
the  mineral  with  a  chisel,  or  a  blow  of  the  hammer,  is  the  diiectioo 
in  which  it  yields  most  readily.  It  was  also  found  by  analysis  tbaa 
augite  usually  contAined  more  lime,  less  alumina,  and  no  fluoric  acid  ; 
which  last,  though  not  always  found  in  hornblende,  often  enters  into 
its  composition  in  minute  quantity.  In  addition  to  these  characters, 
it  was  remarked  as  a  geological  fac^  that  augite  and  hornblende  are 
very  rarely  associated  d>gelher  in  the  same  rock ;  and  that  when  this 
happened,  as  in  some  lavas  of  modem  date,  the  hornblende  occurs  in 
the  mass  of  the  rock,  where  crystalliEation  may  have  taken  place  mora 
slowly,  while  the  augite  merely  lines  cavities  where  the  cryslalsm&y 
have  been  produced  rapidly.    It  was  also  remarked,  that  in  tiio 
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ciTstaUiiie  slags  of  furDBces,  angitic  fonns  were  frequeot,  the  hom- 
blendic  entirely  absent ;  hence  it  was  conjectured  tiiBt  bombleude 
might  be  the  result  of  bIow,  and  augite  of  rapid  cooling.  This  view 
was  confirmed  bj  the  fact,  that  Mitscherlich  and  Bertbier  were  able 
to  make  augite  artificiallj,  but  could  never  succeed  in  forming  horn- 
blende. Lastly,  GastavuB  Rose  fused  a  mass  of  hornblende  in  a 
porceltun  furnace,  and  found  that  it  did  not,  on  cooling,  assume 
its  previous  shape,  but  invariably  took  that  of  aagite.  The  same 
mineralogist  observed  certaia  crystals  in  rocks  from  Siberia  which 
presented  a  homblea^  cleavage,  while  they  had  the  external  form 
of  augite. 

If,  &om  these  data,  it  is  inferred  that  the  same  substance  may 
assume  the  crystalline  forms  of  hornblende  or  augite  indifferently, 
according  to  the  more  or  less  rapid  cooling  of  the  melted  mass,  it  is 
nevertheless  certain  that  the  variety  conunonly  called  augile,  and 
recognised  by  a  peculiar  crystalline  form,  has  usually  more  lime  in  it, 
and  less  alumina,  than  that  caUed  hornblende,  although  the  quantities 
of  these  elements  do  not  seem  to  be  always  the  same.  Unquestionably 
the  facts  and  experiments  above  mentioned  sbow  the  very  near 
affinity  of  hornblende  and  augite ;  but  even  the  convertibility  of  one 
into  the  other,  by  melting  and  recrystallizing,  does  not  perbaps  de- 
monstrate their  absoluto  identity.  For  there  is  often  some  portion 
of  the  materials  in  a  crystal  which  are  not  in  perfect  chemical  com- 
bination with  the  rest.  Carbonate  of  lim^  for  example,  sometimes 
carries  with  it  a  considerable  quantity  of  silex  into  its  own  form 
of  crystal,  tbe  silex  being  mechanically  mixed  as  sand,  and  yet  not 
preventing  the  carbonate  of  lime  &om  aesuming  the  form  proper  to 
it  This  is  an  extreme  case,  but  in  many  others  some  one  or  more 
of  the  ingredients  in  a  crystal  may  be  excluded  fi:om  perfect  chemical 
nnion ;  and  after  fusion,  when  the  mass  recrystallizes,  the  same 
elements  may  combine  perfectly  or  in  new  proportions,  and  thus  a 
new  nuneral  may  be  produced.  Or  some  one  of  the  gaseous  elements 
of  the  atmosphere,  the  oxygen  for  example,  may,  when  the  melted 
matter  reconsolidatee,  combine  with  some  one  of  the  component 
elemeuts. 

The  different  quantity  of  the  impurities  or  refuse  above  alluded  to, 
which  may  occur  in  all  but  the  most  transparent  and  perfect  crystals, 
may  partiy  explain  the  discordant  results  at  which  experienced 
chemists  lukve  arrived  in  their  analyus  of  the  same  mineral  For  the 
reader  will  find  that  crystals  of  a  mineral  determined  to  be  the  same 
by  physical  characters,  crystalline  form,  and  optical  properties,  have 
often  been  declared  by  skilful  analysers  to  be  composed  of  distinct  ele- 
ments. (See  the  table  at  p.  602.)  This  disagreement  seemed  at  flrst 
subversive  of  the  atomic  theory,  or  the  doctrine  that  there  is  a  fixed 
aad  constant  relation  between  the  crystalline  form  and  structure  of 
a  mineral  and  its  chemical  composition.  The  apparent  anomaly, 
however,  which  threatened  to  throw  the  whole  science  of  mineralogy 
into  confusion,  was  in  a  great  d^ree  reconciled  to  fixed  principles 
by  the  discoveries  of  Professor  Mitscherlich  at  Berlin,  who  ascertained 
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that  the  compoution  of  the  minerals  which  had  appeared  ao  rariable, 
was  goTerved  bj  a  general  law,  to  which  he  gave  the  oanw  of 
iiomorphUm  (froiD  urot,  uoi,  equal,  and  /wp^q,  vmrpke,  form).  Ac- 
cording to  this  law,  the  ingredientg  of  a  given  species  of  mineral  are 
not  absolutely  fixed  aa  to  their  kind  and  qnality  ;  bat  one  ingredient 
may  be  replaced  bj  an  eqaivBlent  portion  of  some  analogous  ingre- 
dient. Thns,  in  angite,  the  liioe  may  be  in  part  replaced  by  porlioiu 
of  protoxide  of  iron,  or  of  manganese,  while  the  form  of  the  crfBtal, 
and  the  angle  of  ita  cleavage  planes,  remain  the  same.  Theee 
vicarious  anbstitatdMii,  however,  of  particular  elements  cannot  exceed 
certain  defined  limiU. 

Pyroxeiu,  a  name  of  Hany's,  is  often  used  for  angite  in  degcrip- 
tions  of  volcanic  rocks.  It  is  properly,  according  to  If.  Deletse,  a 
genenJ  name,  under  which  Augite,  Diallage,  and  Hypersthene  may 
be  nnited,  (or  these  three  are  varieties  of  one  and  the  same  mineral 
species,  having  the  same  chemical  formula  with  vuiable  basea. 

Amphiboie  is  in  like  manner  a  general  term  nnder  which  Horn* 
blende  and  Actiaolite  may  be  united. 

Having  been  led  into  this  digression  on  some  recent  et^is  made  in 
the  progress  of  mineralogy,  I  may  here  observe  that  the  geological 
student  must  endeavour  as  soon  tu  possible  to  familiarise  himadf 
with  the  characters  of  five  at  least  of  the  most  abundant  nm|de 
minerals  of  which  rocks  are  composed.  These  are  felapar,  quarts 
mica,  hornblende,  and  carbonate  of  lime.  Thu  knowledge  cannot 
be  acquired  from  books,  but  requires  personid  inspection,  and  tha 
aid  of  a  teacher.  It  is  well  to  accustom  the  eye  to  know  the  ^pear- 
anoe  of  rocks  under  the  lens.  To  learn  to  dietingoish  felapar  from 
quartz  is  tiie  most  important  step  to  be  first  aimed  at  In  genenl 
we  may  know  the  felspar  because  it  can  be  scratched  with  the  point 
of  a  knife,  whereas  the  quartz,  from  its  extreme  hardness,  reoeivet 
no  impression.  If  both  minerals  are  ct7StalliDe,  the  felapar  may  be 
known  by  its  lamellar,  and  the  quartz  by  its  glass-like  fracture ;  but 
when  they  occur  in  a  granular  or  nncrystallised  state,  the  yonng 
geologist  mnst  not  be  discouraged  if,  after  considerable  practiee^  be 
often  fails  to  distinguish  them  by  the  eye  alone.  If  the  felapar  is 
grannlar,  the  blow-pipe  may  be  used,  for  the  edges  of  the  grains  can 
be  rounded  in  the  flame,  whereas  those  of  quartz  are  infaaible.  la 
order  to  detect  the  varieties  of  felspar  above  enumerated,  and  to 
distinguish  hornblende  from  angite,  the  reflecting  goniometo-  will 
often  be  useful,  enabling  the  mineralogist  to  ascertain  the  angle  of 
cleavage  and  sh^e  of  the  crystal. 

The  external  characters  and  composition  of  the  felspars  are  ex- 
tremely different  from  those  of  angite  or  hornblende ;  so  that  the  vol- 
canic rocks  in  which  either  of  these  minerals  play  a  conspicuous  part 
are  easily  recognizable.  But  there  are  mixtures  of  tbe  two  elementi 
in  very  difierent  proportions,  the  mass  being  somedmea  exclosiTely 
composed  of  felspar,  and  at  other  times  largely  of  angite.  Betweea 
the  two  extremes  there  is  almost  every  intermediate  gradation ;  yet 
certain  compounds  prevail  so  extensively  iu  nature,  and  preaerre  ao 
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much  uniformity  of  aapect  and  compoBition,  that  it  is  useful  in 
geology  to  regard  them  as  distinct  rocks,  and  to  assign  names  to 
thom,  snch  as  basal^  greenstone^  trachyte  and  others  presently  to 
be  mentioned, 

Baialt. — As  an  example  of  rocks  in  vhich  augite  is  a  conspicuons 
ii^redient^  basalt  may  first  be  mentioned.  Although  we  are  mora 
familiar  with  this  t«nn  than  with  that  of  any  other  kind  of  trap,  it 
is  difficult  to  define  it,  the  name  having  been  used  so  compre- 
hensively,  and  sometimes  so  vaguely.  It  has  been  generally  applied 
to  any  trap  rock  of  a  black,  bluish,  or  leaden-grey  colour,  having  a 
uniform  and  compact  texture.  Most  strictly,  it  consists  of  an  inti- 
mate mixtare  of  felspar,  augite,  and  iron,  to  which  a  mineral  of  an 
olive-green  colour,  called  olivine,  is  often  superadded,  in  distinct 
gruns  or  nodular  masses.  The  iron  is  asually  magnetic  (oxydulated 
iron),  and  is  often  accompanied  by  another  metal,  titanium.  The 
term  "Dolerite"  is  now  much  used  for  this  rock,  when  the  felspar  is 
of  the  variety  called  Labradorite,  as  in  the  lavas  of  Etna.  Basalt, 
according  to  Dr.  Daubeny,  in  its  more  strict  sense,  is  composed  of 
"an  intimate  mixture  of  augite  with  a  ceolitic  mineral  which  ap- 
pears to  have  been  formed  out  of  Labradorite  by  the  addition  of 
water,-  the  presence  of  water  being  in  aU  xeolUes  the  cause  of  that 
bubbling  up  under  the  blow-pipe  to  which  they  owe  their  appella- 
tion."* Of  late  years  the  analyses  of  M.  Delesseand  other  eminent 
mineralogists  have  shown  that  the  opinion  once  entertained,  that 
augite  was  the  prevailing  mineral  in  basalt,  or  even  in  the  most 
augitic  trap  rocks,  must  be  abandoned.  Although  its  presence  gives 
to  these  rocks  their  distinctive  character  as  contrasted  with  trachyte^ 
still  the  principal  element  in  their  composition  is  felspar. 

Augite  rock  has,  indeed,  been  defined  by  Leonhard  as  being  made 
up  principally  or  wholly  of  augitef,  and  in  some  veinstones,  says 
Delesse,  such  a  rock  may  be  found ;  but  the  greater  part  of  what 
passes  by  the  name  of  angite  rock  is  more  rich  in  green  felspar 
than  in  augite.  AmphiboUte,  in  like  manner,  or  Hornblende  rock, 
ia  a  trap  of  the  basaltic  family,  in  which  there  is  much  hornblende, 
and  in  which  this  mineral  has  been  supposed  to  predominate ;  but 
Delesse  finds,  by  analysis,  that  the  felspar  may  be  in  excess,  the 
base  being  felspathic 

In  some  varieties  of  basalt  tiie  quantity  of  olivine  is  very  great ; 
snd  as  this  mineral  difiers  bnt  slightly  in  its  chemical  composition 
from  serpentine  (see  Table  of  Analyses,  p,  602.),  containing  even  a 
larger  proportion  of  magnesia  than  serpentine,  it  has  been  suggested 
-with  much  probability  that  in  the  course  of  ages  some  basalts  highly 
charged  with  olivine  may  be  turned,  by  metamorphic  action,  into 
serpentine. 

Trachyte. —  This  name,  derived  from  rpaxvt,  rough,  has  been 
ipven  to  the  felspathic  class  of  volcanic  rocks  which  have  a  coarse, 
cellular  paste,  rough  and  gritty  to  the  touch.  This  paste  has 
lonly  been  supposed  to  consist  chiefly  of  albite,  but  according 
■  TolcaoM,  ad  ed.  p.  18.  t  Afin«nlreicli,  Sd  ad.  p.  S9, 
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to  M.  Delesee  it  ii  Tsriable  in  composition,  ita  prerailing  ilkBU  bong 
BodA.  Through  the  base  are  digeeDUDKted  cryatals  of  glmsBj  felspar, 
mica,  and  sometimeB  quartx  and  hornblende^  althongh  in  the  traefajrte, 
properly  »o  called,  there  is  no  qu«rtE.  The  varietieB  of  felspar  which 
occur  in  trachyte  are  trisilicates,  or  those  in  which  the  silica  is  to 
the  alnmina  in  the  proportion  of  three  atoms  to  one.* 

Traekytie  Porphyry,  according  to  Abich,  has  the  ordinary  com- 
position of  trachyte,  with  quartz  superadded,  and  without  any  augite 
or  titoniferous  iron.  Ajidetite  is  a  name  given  by  Gustavus  Rose  to 
a  trachyte  of  the  Andes,  which  conbuns  the  felspar  called  Andesin, 
together  with  glassy  felspar  (orthoclase)  and  bomblende  dissemi- 
nated through  a  dark-coloured  base. 

ClinJutone,  or  PhonolUe.  —  Among  the  felspathic  products  of  vol- 
canic action,  this  rock  is  remarkable  for  its  tendency  to  lanunatiaii, 
which  is  sometimes  such  that  it  affords  tiles  for  roofing.  It  rings 
when  struck  with  the  hammer,  whence  its  name ;  is  compact,  and 
usually  of  a  greyish  blue  or  brownish  colour;  is  variable  in  ctHopo- 
sition,  but  almost  entirely  composed  of  felspar,  and  in  scune  cases, 
according  to  Gmelin,  of  felspar  and  mesotype.  When  it  contains 
disseminated  crystals  of  felspar,  it  is  called  ClinJuUme  porjAjfiy. 

Greenstone  is  the  most  abundant  of  those  volcanic  rocks  which  are 
intermediate  in  their  composition  between  the  Basalts  and  Trachytes. 
The  name  has  usually  been  extended  to  all  granular  mixinres, 
whether  of  hornblende  and  felspar,  or  of  augite  and  felspar.  The 
term  diorite  has  been  applied  exclusively  to  compounds  of  hornblende 
and  felspar.  According  to  the  an^yses  of  Delesse  and  others,  the 
chief  cause  of  the  green  colour,  in  most  greenstones,  is  not  green 
hornblende  nor  augite,  but  a  green  siliceous  base,  very  variab^  and 
indefinite  in  its  composition.  The  dark  colour,  however,  of  diorite  is 
usually  derived  &om  disseminated  plates  of  hornblende. 

The  Basalts  contmn  a  smaller  quantity  of  silica  than  the  Trachytes, 
and  a  larger  proportion  of  lime  and  magnesia.  Hence,  independently 
of  the  frequent  presence  of  iron,  basalt  is  heavier.  Abich  has  there- 
fore proposed  that  ne  should  weigh  these  rocks,  in  order  to  appre- 
ciate their  composition  in  cases  where  it  is  impossible  to  separate 
their  component  minerals.  Thus,  the  variety  of  basalt  called  dolerite^ 
which  contains  53  per  cent,  of  silica,  has  a  specific  gravity  of  S-86; 
whereas  trachyte,  which  has  66  per  cent  of  silica,  has  a  sp,  gr.  of 
only  2*68 ;  tracbytic  porphyry,  contoiniog  69  per  cent  of  silica,  a 
sp.  gr.  of  only  2-58.  If  we  then  take  a  rock  of  intermediate  compo- 
sition, such  as  that  previuling  in  the  Peak  of  Teneriffe,  which  AUch 
calls  Trachyte-dolerite,  its  proportion  of  silica  being  intermediate, 
or  5S  per  cent,  it  weighs  2*78,  or  more  than  trachyte,  and  leea  than 
basaltf  The  basalts  are  generally  dark  in  colour,  sometimes  ahnoot 
black,  whereas  the  trachytes  are  grey,  and  even  occasionally  whit& 
As  compared  with  the  granitic  rocks,  basalts  and  trachytes  contain 
both  of  them  more  soda  in  their  composition,  the  potosfa-felspan 

■  Dr.  Daiiben;  on  Tolcanos,  3d  ed.  p]L  14,  IS,  \  lUi 
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bring  gflnenlly  abunduit  in  die  granites.  The  volcanic  rocka 
moT«oTer,  whether  basaltic  or  tracbTtic,  contain  less  silica  than  the 
granites,  in  which  last  the  excess  of  silica  has  gone  to  form  quarts. 
This  mineral,  so  conspicuous  in  granite,  is  usually  wanting  in  the 
volcanic  formations,  and  never  predominates  in  them. 

The  fusibility  of  the  igneous  rocks  generally  exceeds  that  of  other 
rocks,  for  the  alkaline  matter  and  lime  which  commonly  aboand  in 
their  compowtion  serve  as  a  flux  to  the  large  quantity  of  silica,  which 
would  be  otherwise  so  refractory  an  ingredienL 

We  may  now  pass  to  the  consideration  of  those  igneous  rocks,  the 
characters  of  which  are  founded  on  their  form  rather  than  thdr 
composition. 

I^tTphyry  is  one  of  this  class,  and  very  characteristic  of  the  vol- 
canic formations.  When  distinct  crystals  of  one  or  more  minenile  are 
scattered  through  an  earthy  or  compact  base,  the  rock  is  termed 
a  porphyry  (see  fig.  675.).  Thus  trachyte  is  porpbyritic  ;  for  in  it, 
as  in  msny  modern  lavas,  there  are  crystals  of  felspar ;  but  in  some 
porphyries  the  crystals  are  of  augite,  olivine,  or  other  minerals- 
If  the  base  be  greenstone,  basalt,  or  pitchstone,  the  rock  may  be 
denominated  greenstone-porphyry,  pi  tchs tone-porphyry,  and  so 
forth.  The  old  classical  type  of  this  form  of  rock  is  the  red  por- 
Yit.eji.  phyry  of  Egypt,  or  the  well  known 

"  Rosso  antico."  It  consists,  according 
to  Delesse,  of  a  red  felspathic  base  in 
which  are  disseminated  rose-coloured 
crystals  of  the  felspar  called  oligoclaae, 
with  some  plates  of  blackish  horn- 
blende and  grains  of  oxidized  iron-ore 
(fer  oligiste).  Red  quam^erou*  por- 
phyry is  a  much  more  siliceous  rock, 
containing  about  70  or  SO  per  cent 
of  silex,  while  that  of  Egypt  has  only 
62  per  cent. 

Amygdaloid.  —  This  is  also  ano- 
ther form  of  igneous  rock,  admitting 
of  every  variety  of  composition.  It  comprehends  any  rock  in  which 
round  or  almond-shaped  nodules  of  some  mineral,  such  as  agate^ 
calcedony,  calcareous  spar,  or  zeolite,  are  scattered  through  a  base  of 
wacke,  basalt,  greenstone,  or  other  kind  of  trap.  It  derives  its  name 
firom  the  Greek  word  amygdala,  an  almond.  The  origin  of  this 
structure  cannot  be  donbted,  for  we  may  trace  the  process  of  its 
formation  in  modem  lavas.  Small  pores  or  cells  are  caused  by 
bubbles  of  steam  and  gas  confined  in  the  melted  matter.  After  or 
daring  consolidation,  these  empty  spaces  are  gradually  filled  up  by 
matter  separaring  from  the  mass,  or  inflltered  by  water  permeating 
the  rock.  As  these  bubbles  have  been  sometimes  lengthened  by  the 
flow  of  the  lava  before  it  finally  cooled,  the  contents  of  snch  cavities 
have  the  form  of  almonds.  Li  some  of  the  amygdaloidal  traps  of 
Scotland,  where  the  nodules  have  decomposed,  the  empty  cells  are 
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Been  to  hsre  a  glazed  or  vitreous  coating,  uid  in  this  reelect  exActl^ 
resemble  scoriaceous  lavas,  or  the  slags  of  furnaces. 

Pi^  gjj  The  annexed  figure  represeDts  a 

fragment  of  stone  taken  from  the 
upper  part  of  a  sheet  of  basaltic 
lava  in  Auvergne.  One  half  is 
scoriaceous,  the  pores  being  per- 
fectly empty ;  the  other  part  is 
amygdaloidal,  the  pores  or  celb 
being  mostly  filled  up  with  car- 
bonate of  lime,  forming  white  ker* 

Lava. — This  term  has  a  some- 
what vi^e  significatitjn,  having 
been  applied  to  all  melted  matter 
observed  to  flow  in  streams  &om 
scoriKtoui iiTi^n^ri^Tnt«d iDiom      volcanic  vents.    When  this  matter 
uwUfD*  it  la  VMiia.  DFFinmnii  or  Pur     coQSoUdates  in  the  opea  air,  the 
d«  Dome,  Fniic*,  npper  part  is  usuallf  scoriaceoof, 

and  the  masa  becomes  more  and  more  etony  as  we  descend,  or  in 
proportion  as  it  has  consolidated  more  slowly  and  under  greater 
pressure.  At  the  bottom,  however,  of  a  stream  of  lava,  a  small 
portion  of  scoriaceous  rock  very  frequently  occurs,  formed  by  the 
first  thin  sheet  of  liquid  matter,  which  often  precedes  the  mala  cur- 
rent, or  in  consequence  of  the  contact  with  water  in  or  upon  the 
damp  soil 

The  more  compact  lavas  are  often  porphyritic,  but  even  the 
scoriaceous  part  sometimes  contuna  imperfect  crystals,  which  have 
been  derived  from  some  older  rocks,  in  which  the  crystals  pre- 
existed,  but  were  not  melted,  as  being  more  infusible  in  theii 

Although  melted  matter  rising  in  a  crater,  and  even  that  which 
enters  a  rent  on  the  side  of  a  crater,  is  called  lava,  yet  this  term 
belongs  more  properly  to  that  which  has  flowed  either  in  the  open 
air  or  on  the  bed  of  a  lake  or  sea.  If  the  same  fluid  has  not  reached 
the  surface,  but  has  been  merely  injected  into  fissures  below  ground, 
it  is  called  trap. 

There  is  every  variety  of  composition  in  lavas ;  some  are  trachy- 
ticv  as  in  the  Peak  of  Tenerifie ;  a  great  number  are  basaltic,  as  in 
Vesuvius  and  Auvcrgne ;  others  are  Andesitic,  as  those  of  Chili ; 
some  of  the  most  modern  in  Yesuvius  consist  of  green  aogitc^  and 
many  of  those  of  Etna  of  augite  and  Labrador-felspar." 

ScoriiE  and  Pumice  may  next  be  mentioned  as  porous  rocks,  pro- 
duced by  the  action  of  gases  on  materials  melted  by  volcanic  heat 
Scoria  are  usually  of  a  reddish-brown  and  black  colour,  and  are  tbs 
cinders  and  slags  of  basaltic  or  augitic  lavas.  Pumice  is  a  tight, 
spongy,   fibrous  substance,  produced  by  the   action  of  gases  on 

*  Q.  Bow,  Ann.  d«s  Uines,  torn.  viiL  p.  39. 
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trachftic  and  other  lavas ;  the  relation,  however,  of  its  origin  to  the 
composition  of  lava  is  not  yet  well  understood.  Von  Bncb  sajs  that 
it  never  occurs  where  only  Labrador-felspar  is  present 

Voleanie  tuff,  Trap  tuff.  —  Smalt  angular  fragments  of  the  scoria; 
and  pumice,  above-mestioned,  and  the  dust  of  the  sam^  produced  by 
volcanic  explosions,  form  the  tufis  which  abound  in  all  regions  of 
active  volcanos,  where  showers  of  these  materials,  together  with 
small  pieces  of  other  rocks  ejected  from  the  crater,  fall  down  upon 
the  land  or  into  the  sea.  Here  they  often  become  mingled  with 
shells,  and  are  stratified.  '  Such  tuffs  are  sometimes  bound  together 
by  a  calcareous  cement,  and  form  a  stone  susceptible  of  a  beautiful 
polish.  But  even  when  little  or  no  lime  is  present,  there  is  a  great 
tendency  in  the  materials  of  ordinary  tufis  to  cohere  together.  Be- 
sides the  peculiarity  of  their  composition,  some  tuffs,  or  volcanic  ffrita, 
as  they  have  been  termed,  differ  from  ordinary  sandstones  by  the 
angularity  of  their  grains,  and  they  often  pass  into  voleanie  breccias. 

According  to  Mr.  Scrope,  the  Italian  geologists  confine  the  term 
tuff,  or  tufa,  to  felspathose  mixtures,  and  those  composed  principally 
of  pumice,  using  the  term  peperino  for  the  basaltic  tuffs."  The 
peperinoB  thus  distinguished  are  usufJIy  brown,  and  the  tuffs  grey  or 
irhite. 

We  meet  occasionally  with  extremely  compact  beds  of  volcanic 
materials,  interstratified  with  fossitiferona  rocks.  These  may  some- 
times be  tuffs,  although  their  density  or  compactness  is  such  as  to 
cause  them  to  resemble  many  of  those  kinds  of  trap  which  are  found 
in  ordinary  dikes.  The  chocolate-coloured  mud,  which  was  poured 
for  weeiu  out  of  the  crater  of  Graham's  Island,  in  the  Mediterranean, 
JD  1831,  must^  when  unmixed  with  other  materials,  have  constituted 
a  St<me  heavier  than  granite.  Each  cubic  inch  of  the  impalpable 
powder  Vhich  has  fallen  for  days  through  the  atmosphere,  during 
some  modem  eruptions,  has  boen  found  to  weigh,  without  beii^ 
compressed,  as  much  as  ordinary  trap  rocks,  and  to  be  often  identical 
ivith  these  in  mineral  composition. 

Faiagonite-tuff. — The  nature  of  volcanic  tuffs  must  vary  according 
to  the  mineral  composition  of  the  ashes  and  cinders  thrown  out  of 
each  ventL,  or  from  the  same  vent,  at  different  times.  In  descrip- 
tions of  Iceland,  we  read  of  Falagonite-taffs  as  very  common.  The 
name  Falagonite  was  first  given  by  Professor  Bunsen  to  a  mineral 
occurring  in  the  volcanic  formations  of  Palagonia,  in  Sicily.  It  is 
rather  a  mineral  substance  than  a  mineral,  as  it  is  always  amorphous, 
and  has  never  been  found  crystallized.  Its  composition  is  variable, 
but  it  may  be  defined  as  a  hydrosilicate  of  alumina,  containing  oxide 
of  iron,  lime,  magnesia,  and  some  alkali.  It  is  of  a  brown  or  black- 
ish-brown  colour,  and  its  specific  density,  2*43.  It  enters  largely 
into  the  composition  of  volcanic  tuffs  and  breccias,  and  is  considered 
by  Bunsen  as  on  altered  rock,  resulting  &om  the  acUon  of  steam  on 
Tfdcanic  tuffs. 

*  QeoL  Trans.  Sod  •erio,  vol.  iL  p.  111. 
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AffplomertUa.  —  la  the  neighbourhood  of  toIcuuc  Teata,  ve  £ra- 
quently  obwrre  ucnmul&tioDi  of  angnlu  fngments  of  rock,  fonoed 
daring  empdoiu  b^  the  explosive  kction  of  Bteam,  which  shatters  the 
■DbJBcent  ston^  fomutionB,  and  hnrls  them  up  into  the  ur.  Tliej 
then  fall  in  showers  ftronnd  the  cone  or  crmter,  or  m»y  be  spread  ftir 
aome  diatance  over  the  sarronnding  conntay.  The  fiagnieniB  etHisist 
nanallf  of  different  varietiea  of  scoriaceons  and  oompact  Uvas  ;  bat 
other  kinds  of  rock,  snch  as  granite  or  ereo  fbaailiftiroiia  linwshmo^ 
maj  be  iutermized ;  in  short,  anj  snbstance  throngb  which  the  ex- 
pansive gases  have  forced  their  way.  The  dispersion  of  Mich  ma- 
terials may  be  aided  hy  the  wind,  u  it  varies  in  directi<»  or  intmmtj, 
and  bj  the  slope  of  the  cone  down  which  thej  roll,  or  hj  floods  of 
rmin,  which  often  accompan7  eruptions.  Bat  if  the  power  of  ma- 
ning  water,  or  of  the  waves  and  cnrrents  of  the  sea,  be  sufficient  to 
cany  the  fragments  to  a  distance,  it  can^scarcel;  fail  (unleBs  where 
ice  intervenes)  to  wear  off  their  angles,  and  the  formation  thm 
becomes  a  etmghmerate.  If  occasionallj  globular  pieces  of  scoric 
abound  in  an  agglomerate,  they  do  not  owe  their  round  form  to  at- 
trition. 

The  sise  of  the  angular  stones  in  some  agglomerates  is  euormoos ; 
for  they  may  be  two  or  three  yards  in  diameter.  The  mass  is  <rfW 
50  or  100  {6ei  (hick,  without  showing  any  marks  of  stratificatHo 
llie  term  voleaiw  breccia  may  be  restricted  to  those  tuf&  which 
are  made  np  of  onall  angular  pieces  of  rock. 

The  Blaf^y  crust  of  a  stream  of  lara  will  often,  while  yet  in 
motion,  BpUt  up  into  angular  pieces,  some  of  which,  after  the  comnt 
has  ceased  to  flow,  may  be  seen  to  stick  up  five  or  six  feet  above  the 
general  surface.  Such  broken-np  crusts  resemble  closely  in  structure 
the  agglomerates  above  described,  although  the  composition  of  the 
materials  will  osnally  be  more  homogeneous. 

Laterite  is  a  red  or  brick-like  rock  composed  of  silicate  of  ala- 
mina  and  oxide  of  iron.  The  red  layers,  called  "  ochre  beds,"  di- 
viding the  lavas  of  the  Giant's  Causeway,  are  lateritea.  These  were 
found  by  Delesse  to  be  trap  impregnated  with  the  red  oxide  of  iron, 
and  in  part  reduced  to  kaolin.  When  still  more  decomposed  they 
were  found  to  be  clay  coloured  by  red  ochre.  As  two  of  the  lavas 
of  the  Giant's  Causeway  are  parted  by  a  bed  of  lignite,  it  is  not  im- 
probable that  the  layers  of  laterite  seen  in  the  Antrim  clifls  resulted 
from  atmospheric  decomposition.  In  Madeira  and  the  Canary  !&• 
lands  streams  of  lava  of  subaerial  origin  are  often  divided  by  red 
bands  of  laterite,  probably  ancient  soils  formed  by  tho  decomposition 
of  the  surfaces  of  lava-currents,  many  of  these  soils  having  been 
coloured  red  in  the  atmosphere  by  oxide  of  iron,  others  burnt  into 
a  red  brick  by  the  overflowing  of  heated  lavas.  These  red  bands 
are  sometimes  prismatic,  the  small  prisms  being  at  right  angles  to 
the  sheets  of  lava.  Red  clay  or  red  marl,  formed  as  above  stated  by 
the  disintegration  of  lava,  scoria,  or  tuff,  hss  often  accumulated  to 
a  great  thickness  in  the  valleys  of  Madeira,  being  washed  into  them 
by  alluvial  action ;  and  some  of  the  thick  beds  of  laterite  in  India 
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may  have  had  a  Bimilar  origin.  In  India,  however,  especially  in 
the  DeccEUi,  the  term  "  laterite  "  seema  to  hare  been  used  too  vaguely. 
It  would  be  tedious  to  enumerate  all  the  varieties  of  trap  and 
lava  which  have  been  regarded  by  different  observers  as  aufflciently 
abundant  to  deserve  distinct  names,  especially  as  each  investigator  is 
too  apt  to. exaggerate  the  importance  of  local  varieties  which  happen 
to  prevul  in  districts  best  known  to  him.  It  will  be  nsefnl,  however, 
to  subjoin  here,  in  the  form  of  a  gloesary,  an  alphabetical  list  of  the 
names  and  synonyms  most  commonly  in  use,  with  brief  explanations, 
to  which  I  have  added  a  table  of  the  analysis  of  the  simple  minerals 
moat  abundant  in  the  volcanic  and  hypogene  rocks. 

Explanation  of  the  Nainea,  Synonymt,  and  Mineral  CompotUion  of 
the  mart  abtmdant  Voleanie  Roehj. 

AooLOHBaua.  A  coane  breeda,  composed  of  fragmenta  of  rock,  cut  ont  of 
TolcEmic  vents,  for  the  moat  part  augolar  and  withonC  any  admixtare  of 
wuer-vom  stones.  "  Volcanic  conglomerates  "  may  be  appUed  to  mixtoiei 
in  which  water-worn  stones  occnr. 

ArHuoTi.    Stt  Coroeao. 

Amphibolitb,  or  Horhblxkde  Rock,  which  see, 

AMTOPAU>n>.    A  panicular  form  of  voleanie  rock;  Kep.5>S. 

Auorti  Bock.  A  rock  of  the  basaltic  family,  composed  of  feUpar  and  aogite. 
Sa  pL  S93. 

ADOmc-FOBFHTitT.  Ctystals  of  I^rador-felapar  and  of  angite,  in  a  green  or 
dark  grej  base.    (Baat,  Aiai.  ia  Mintt,  torn.  8.  p.  !3.  I83S.) 

Baui-t.    An  intimate  mixtnie  of  felspar  and  angite  with  magnetic  iiou,  olinne, 

itC     fe<  p.  593. 
BjiSjunTB.     Name  given  by  Alex.  Brongniart  to  a  rock,  having  a  base  of  basalt, 

with  more  or  less  distinct  crjstals  of  an^te  dissemioaied  Ibroagh  iL 

Clitstoke  and  Clatstor-fosphtrt.  An  earthy  and  compact  stone,  usually  of 
a  purplish  colour,  like  an  indurated  claf  {  posses  into  homstone  ;  generally 
contains  scattered  crystali  of  felspar  and  someHmes  of  qoarti. 

CLDiBSTon.  Syn.  Fhonolile,  fissile  Petroulex,  tee  p.  5B4.i  a  greyisb-blne  rock, 
having  a  tendency  to  divide  into  slabs  ;  hard,  with  clean  fracture,  ringing 
under  the  bommet ;  principally  composed  of  felspar,  and,  according  to 
Gmdin,  of  felspar  and  mesotype.    {Lmthard,  MiiuralreidL,  p.  103.) 

CoMF,iCT  FsMFAK,  which  h«f  also  been  called  Petroailex ',  the  rock  so  called 
iuclndes  the  homstone  of  some  minenlogiits,  is  allied  to  clinkstone,  bnt  is 
harder,  more  compact,  and  translaeent  It  is  a  vajying  rock,  of  which  the 
chemical  composilion  is  not  well  defined.  (_MacCiJloch'i  Cliuiificalim  ({f 
Jiockt,  p.  481.) 

CoKirun  or  Afhahitb.  A  compact  homt^eneons  rock  without  a  trace  of 
crystallization,  breaUng  with  a  smooth  entfiiCB  like  some  compact  basaltsi 
consists  of  hornblende,  qnarti,  and  felipar  in  Intimate  combination.  It 
derives  its  nonie  fWim  the  Latin  word  conm,  luxa.  In  allusion  to  its 
toughness  and  compact  texture. 

DuLLAOE  Bock.  Sya.  Enphotlde,  Oabbro,  and  some  Ophioliies.  Compounded 
of  felspar  and  dislUge. 

DiOBiTB.  A  kind  of  Greenstone,  which  see.  Components,  felspar  and  hornblende 
in  grains.  According  to  Bate,  Ann.  det  Mintt,  torn.  8.  p.  4.,  dtcrile  consist* 
of  alUte  and  hornblende,  but  Delesae  hat  shown  that  the  ftlspar  may  b« 
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OHgodue  or  Labradorite.  (^nn.  da  Mimt,  1B4»,  torn.  \i.  p.  StS-)  lU 
dark  colooi  is  dne  to  disaBiimiUad  platsa  of  honibleBd«.  See  iLDTt 
P.S94. 

Doi-BBITB.  According  to  Base  (i£id  p.  32.)i  its  compoBition  is  blade  wgit*  i^^ 
lAbrador-iblspu*  1  according  to  Leoohsrd  (MuurotricA,  Sic.,  p.  77.> 
augiCe,  Labrador-felspar,  and  Bugnetic  iron.    See  above,  p.  S93. 

DoMiTB.    An  earthy  tradtgU,  found  in  the  Faj  de  Dome,  in  Anvergne. 

EcpaoTiDB.  A  mixtnre  of  grains  of  I^rador-febpar  and  dioll^c  (Roo,  <liid. 
p.  19.)  According  to  some,  this  rock  is  deliiied  to  be  a  mixture  of  «i|^t« 
or  hornblende  and  Saouaiite,  a  mineral  allied  to  jade.  {Aliiai  Mat- 
ralogy,  p.  158.)  Haidinger  first  obcerred  th»t  in  this  tfick  hvnUcnie 
■Diroonds  the  ciTstala  of  diallago. 


Gabbbos  f  Diallage  rock. 

Gbbkhstome.    Syn.  A  mixture  of  felspar  and  homUende.    Sm  above,  p  SH- 
GaeiSTOHB.    (Graostein  of  Werner.)    LeAd-grey  and  greenish  rock  compoMiliif 
felspar  and  augnte,  the  ielspar  being  more  than  sereoty •five  per  cent.  (Scnfi, 
Joarn.  of  ScL  "So.  43.  p.  32 1 .}    Grejstone  lavas  are  intennediau  in  Mm- 
position  between  ba«aJtic  and  tiacbytic  lavas. 

HoBKBLBaDB  Kocx,  Or  Amfhibolitz.  This  rock,  na  defined  bj  Leonhnd,  ii 
composed  eniirelj  of  hornblende ;  but  eucb  a  rock  appears  to  be  excepuoml 
and  confined  to  mineral  veins.  Any  rocks  iu  which  homblcode  pUri  s 
conspicuous  port,  consdcuting  the  "  rochcB  amphiboliques "  of  PcukIi 
writers,  may  be  called  hornblende  rock.  Tliey  always  contain  more  or  teat 
felspar  in  their  compoBiliou,  aud  pass  into  basalt  or  greeoMone,  or  apbiaii*- 
SKP.SS3. 
HoRKSTONE-FoBFHTBT.  A  kind  of  felgpat  porphyry  {Lfmhard,  loc.  ciL\  witli » 
base  of  hornMone,  a  mineral  approaching  near  to  flin^  which  differs  fr« 
compact  felspar  in  being  infusible. 
HiFKBSTHENs  KocK,  a  mixtuTB  of  grains  of  Labrador-felspar  and  hypenieBa 
(iJoM,  Ann.  da  itina,  torn.  8.  p.  13.),  having  the  structure  of  tjeniM  « 
granite ;  abundant  among  the  traps  of  Skye.  It  is  extremely  lough,  graj- 
ish,  and  greenish  black.  Some  geologists  consider  it  a  greenstone,  in  «likh 
hypersthene  replaces  hornblende ;  and  this  opinion,  says  Delesse,  is  ixxat 
out  by  the  fact  ihot  hornblende  usually  occnts  in  byperethene  rock.  ofWa 
envebping  the  crymals  of  hypersthene.  ItelatlarhaTeapearlyof  mMslUc- 
pearly  lustre, 

Latbsiml  a  red,  jaspery,  brick-like  rock,  compoMd  of  aicMe  of  almmaawi 
oxide  of  iron,  or  sometunes  consisting  of  clay  coloured  with  red  ochn. 
Stt  above,  p.  G9S. 

HM.AraTBa.  A  variety  of  black  porphyry  composed  of  Labr»dor.fei«par  and  a 
small  quantity  of  aagite.  Its  black  colour  was  formerly  Mtribnted  to  di*- 
semmated  nacrowoirie  crystals  of  aagite,  but  M.  Deleaee  has  ihowa  ihsi 
the  paste  is  discoloored  by  l^^d^ochloric  add,  whenw  this  odd  doei  dm 
attack  the  crystals  of  augite,  which  are  seen  to  b«  iwdated,  and  fcw  ia 


nomber.    (Am.  da  Mina,  4th  »er.  torn.  xiL 


black. 


OB»nn«i.    VitreoM  lava  like  melted  glass,  nearly  allied  to  pitclutcme. 
Opiuoute.    a  name  giren  by  AL  Broagulart  to  serpentines 
OPHITI    A  name  given  by  Palassoa  to  certain  trap  rock,  of  the  PyreMes,  »« 
variable  in  composition,  usuaUy  compa«ed  of  Labrador-ftbpw  and  hatm- 
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blende,  and  sometiinefl  MigiM,  octauoaall;  of  «  gnea  cokmr,  and  paimng 


Fauloohitb  Tuff.  An  altered  Tolcanic  tnff  coDtaining  the  labsUnce  termed 
palagonite.     Sup.  597. 

Peielbione.  a  voli^aJiic  ruck,  having  llie  lastre  of  mother  of  pearl  ;  nsiiiillj 
harlng  a  nodular  etructuro  ;  mtimately  related  to  obsidian,  but  less  glassy. 

Pbperino.     a  form  of  y^dconic  tuff,  composed  ofbaaaltic  scoria.     Stt  p.  ftBT. 

FETBOfilLEi.     Set  Clinkstone  and  Compact  Felspar. 

FiioHouTE.     Syn.  of  Clinltslone,  which  see. 

PiiCHSTOHE,  or  Retiniik  of  the  French,  Titreous  lava,  less  glass;  than  obudian  ; 
a  blacki^  green  rock  resembliog  glass,  baring  a  resinous  lustre  and  ap- 
pearance of  pitch  ;  composition  usually  of  glassy  felspar  (orthoclase)  witli  a 
little  mica,  quartz,  and  hornblende ;  in  Airan  it  forms  a  dike  thirty  feet 
wide,  cutting  through  sandstona. 

Fuiacs.    A  light,  spongy,  flbrooi  form  of  trachyte.    See  p.  596. 

piBOXGHic-FOBPHTST,  samB  as  angi tic- porphyry,  pyroxene  being  Eaiiy'i  name 
for  angite. 

ScoBLX.  Syti.  Tolcanic  cinders ;  reddish  brown  or  black  porons  form  of  laTo. 
Sa  p.  596. 

Sbrfvtihe.  a  greenish  rock  in  which  there  is  modi  magnet  Its  composition 
always  approaches  very  near  to  the  mineral  called  "noble  serpentine  "  {ite 
Tablu  of  Analyses,  p.  60S.),  which  forms  veins  in  this  rock.  The  minerals 
most  commcHily  found  in  Serpentine  are  diallage,  garnet,  chlorite,  oxyda- 
lous  iron,  and  chromate  of  iron.  The  diallage  and  garnet  occnning  in  ser- 
pentine are  ricber  in  magnesia  than  when  they  are  crystallized  in  other 
rocks.  (£>tJuM,  Ann.  det  Miiia,  IB51,  tom.  xviii  p.  309.)  Occurs  some- 
times, though  rarely,  in  dikes,  altering  the  contiguous  strata-,  i*  indifferently 
a  member  of  the  trappean  or  hypogene  series.  Its  absence  from  recent  vol- 
canic products  seems  to  imply  that  it  belongs  properly  to  the  metamorpbio 
class;  and,  even  when  it  is  foond  in  dikes  cutting  throngh  aqueous  fc>ma> 
tions,  it  may  be  an  altered  basalt,  which  abounded  greatly  in  olivine. 

TspHBiiE,  synonymous  witb  lava.  Kame  proposed  by  Alex.  Brongniart 
ToADSTOira.  A  local  name  in  Derbyshire  iat  a  kind  of  wacke,  which  ■««. 
Tkubxte.    Chiefiy  composed  of  glassy  felspar,  with  crystals  of  glassy  felspan 

Set  p.  593, 
TsAf  Tew.     Set  p.  S97. 
ToAsa.    A  kind  of  luff  or  mud  poured  ont  bj  lakenxaters  during  eruptions  % 

common  in  the  Eifel,  in  Germany. 
Tor».     Syiu  Trap-tuff,  volcanic  tuff.     Set  p.  597. 

VrrttxonB  Lata.     Ste  Pitchstoue  and  Obsidian. 
ToLCuna  Tuif.     Set  p.  sg?. 

Wackk.    a  soft  and  earthy  variety  of  trap,  having  an  argillaceoas  aspect.    It 

resembles  indurated  clay,  and  when  scratched,  exhibits  a  shining  streak. 
WanunaiK    A  Scotch  provincial  term  for  greenstone  and  other  bard  avf  rocks. 
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CHAPTER  XXIX. 

TOLCAinc  BOCKS — contituud. 

Inp  dikes  —  Kimetirnei  project — loiiietimce  leave  flMurea  TBCuit  by  decompoal> 
tion — Bnuchea  Bad  feioi  or  trap  — Bikea  more  cr^stBllins  in  the  ceatre  — 
Btraia  illend  at  or  near  the  oontact — ObUtera^on  of  organic  Temains  —  Con- 
Tonioa  of  chalk  inlo  marble — Trap  interpoaed  between  strata — Columnu-  and 
globular  nmclare — Relation  of  trappean  rocks  to  the  prodacM  of  actire  toI- 
canoa — Form,  external  itructure,  and  origin  of  volcanic  monntaiDa  —  CnUerg 
Bod  Caldcraa — Sandwich  Islands — Idva  flowing  nnderground  —  Truncation  of 
cones — JuTanese  calderas — Canary  Islands  — Structure  and  origin  of  the  Cal- 
dera  of  Falma — Older  and  newer  volcanic  rocks  in,  anconfonnable — Aqoeoua 
conglomerate  in  Palma — Hfpotfaens  of  upheaval  considered — Slope  on  which 
•tony  lavas  ma;  form — Extent  and  nature  of  aqueous  erosion  in  Falnia — Island 
of  St  Paul  in  the  Indian  Ocean— Peak  of  Teneriffe,  and  ruins  of  older  cone- 
Madeira —  Its  volcanic  rocks,  partly  of  marine,  and  partly  of  sabaerial  origin  — 
Central  axis  of  emptions — Yarding  dip  of  solid  lavas  near  the  axis,  and  tiirther 
from  it — I«af'bed,  and  fossil  land-plants— Central  valleys  of  Madeira  not 
craters,  or  calderas. 

Hattno  in  the  last  chapter  spoken  of  the  composition  and  mineral 
characters  of  volcanic  rocks,  I  shall  next  describe  the  manner 
and  position  in  which  thej  occur  in  the  earth's  crust,  and  their 
external  forms.  The  leading  varieties  both  of  the  basaltic  and 
trachjtic  rocks,  as  well  aa  of  greenstone  and  the  rest,  are  fbond 
sometimes  in  dikes  penetrating  stratified  and  unstratifled  formations, 
sometimes  in  shapeless  masses  protruding  through  or  overljing 
them,  or  in  horizontal  sheets  intercalated  between  strata. 

Volcanic  or  trap  dOut. — Fissures  have  already  been  spoken  of  as 
occurring  in  all  kinds  of  rocks,  some  a  few  feet,  others  many  yardii 
in  width,  and  often  fiUed  up  with  earth  or  angular  pieces  of  stone, 
or  with  sand  and  pebbles.     Instead  of  such  materials,  suppose  a 
P,    ^  quantity  of  melted  stone  to  be 

driven  or  injected  into  an  open 
rent,  and  there  consolidated, 
we  have  then  a  tehular  mass 
resembling  a  wall,  and  called 
a  trap  dike.  It  is  not  un- 
common to  find  such  dikes 
passing  through  strata  of  soft 
materials,  such  as  tufi^,  scoriie, 
or  shale,  which,  being  more 
perishable  than  the  trap,  are 
often  washed  away  by  the 
Dft.tav.iiv.««rBrB«ii«s  M^«.        g^a,  rivcTB,  OF  niu,  in  which 

trwf^  ■^rmalnvaf  CaM.  Bulk  HhU.  B.H.1  ^  ^  ' 
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case  the  dike  stands  promlnentlj  out  in  the  face  of  precipices,  or  on 
the  level  surface  of  a  country  (see  fig.  677.). 

In  the  islands  of  Arran  and  Skye,  and  in  other  parts  of  Scotland, 
where  sandstone,  conglomerate,  and  other  hard  rocks  are  traversed  bj 
dikes  of  trap,  the  converse  of  the  above  phenomenon  is  seen.  The 
dike,  having  decomposed  more  rapidlj^  than  the  containing  rock,  has 
once  more  left  opea  the  original  fissure,  often  for  a  distance  of  manj 
^,    g,j  yards    inland    from   the    sea-eoaat^    as 

represented  in  the  annexed  view  (fig. 
678.).  In  these  instances,  the  green- 
stone  of  the  dike  ia  usually  more  tough 
and  iiard  than  the  sandstone ;  but  che- 
mical action,  and  chiefly  the  oxidation 
of  the  iron,  has  given  rise  to  the  mora 
rapid  decay. 

There  is    yet    another    case^   by  no 

means  uncommon  in  Arran  and  other 

parts  of  Scotland,  where  the  strata  in 

contact  with  the  dike,  and  for  a  certun 

distance  from  it,  have  been  hardened,  go 

as  to  resist  the  action  of  the  weather 

Fittuni  led  .unit  i^  dccompDird  more  than  the  dike  itself  or  the  sur- 

1^',)  '"""^"''  '"'^'-  <*"''^"'-  rounding  rocks.     When  this   happens, 

two   parallel  walls  of  indurated  strata 

are  seen  protruding   above  the  general  level  of  the  country  and 

following  the  course  of  the  dike. 

As  fissures  sometimes  send  off  branches,  or  divide  into  two  or 
more  fissures  of  equal  size,  so  also  we  find  trap  dikes  bifurcating 
and  ramifying,  and  sometimes  they  are  so  tortuous  as  to  be  called 
„.  „  veins,  though  this  is  more  common  in 

granite  than  in  trap.  The  accompanying 
sketch  (fig.  679.)  by  Dr.  MacCulloch  re- 
presents part  of  a  sea-oliffin  Ai^leshire, 
where  an  overlying  mass  of  trap,  6,  sends 
out  some  veins  which  terminate  down- 
wards. Another  trap  vein,  a  a,  cuts 
through  both  the  limestone,  c,  and  the 
trap,  b, 

T..p  r.<D.  Id  Airsn«iu.ch«i.  jjj  gg  ggQ^  ^  ground  plan  is  given  of 

a  ramifying  dike  of  greenstone,  which  I  observed  cutting  through 
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sandstone  on  the  beach  near  Eildonan  Caatle,  in  Arr&n.  The 
larger  branch  variea  from  5  to  7  feet  in  width,  which  will  afford  a 
scale  of  measurement  fer  the.  whole. 

In  the  Hebrides  and  other  countries,  the  same  masses  of  trap 
which  occup]'  the  surface  of  the  conntiy  far  and  wide,  concealing 
the  subjacent  stratified  rocks,  are  seen  also  in  the  sea  cliffs,  pro- 
longed downwards  in  veins  or  dikes,  which  probably  unite  with 
other  masses  of  igneous  rock  at  a  greater  depth.  The  largest  of  the 
dikes  represented  in  the  annexed  diagram,  and  which  are  seen  in 
part  of  the  coast  of  Skje,  is  no  less  than  100  feet  in  width, 

Flg.Ut. 


Trap  dLTidlnf  ud  corerlni  undiloDt  nor  Sulihulih  In  Skjev    (HuCallach.) 

Every  variety  of  trap-rock  is  sometimes  found  in  dikes,  as  basalt, 
greenstone,  felspar- porphyry,  and  trachyte.  The  smygdaloidal 
traps  also  occur,  though  more  rarely,  and  even  tuff  and  breccia,  for 
the  materials  of  these  lost  may  be  washed  down  into  open  fissures  at 
the  bottom  of  the  sea,  or  during  eruptions  on  the  land  may  be 
showered  into  them  from  the  air. 

Some  dikes  of  trap  may  be  followed  for  leagues  nninterruptedly 
in  nearly  a  strught  direction,  as  in  the  north  of  England,  showing 
that  the  fissures  which  they  £11  must  have  been  of  extraordinary 
length. 

In  many  cases  trap  at  the  edges  or  sides  of  a  dike  is  less  crys- 
talline or  more  earthy  than  in  the  centre,  in  consequence  of  the 
melted  matter  having  cooled  more  rapidly  by  coming  in  contact 
with  the  cold  sides  of  the  fissure ;  whereas,  >n  the  centre,  where  the 
matter  of  the  dike  is  kept  longer  in  a  fluid  or  soft  state,  crystals  are 
slowly  formed.  But  I  observed  the  converse  of  the  above  phe- 
nomena in  Tenerifi^  in  the  neighbourhood  of  Santa  Cruz,  where  a 
dike  is  seen  cutting  through  horizontal  beds  of  scoriffi  in  the  sea- 
cliff  near  the  Barranco  de  Bufadero.  It  is  vertical  in  its  main 
direction,  slightly  flexuous,  and  about  one  foot  thick.  On  each  side 
are  wails  of  compact  basalt,  but  in  the  centre  the  rock  is  highly 
vesicular  for  a  width  of  about  4  inches.  In  this  instance,  the 
fissure  may  have  become  wider  after  the  lava  on  each  side  had 
consolidated,  and  the  additional  melted  matt«r  poured  into  the 
middle  space  may  have  cooled  more  rapidly  than  that  at  the  sides. 

In  the  ancient  part  of  Vesavius,  called  Somma,  a  thin  band  of 
half- vitreous  lava  is  found  at  the  edge  of  some  dikes.  At  the 
junction  of  greenstone  dikes  with  limestone,  a  Moklband,  or  selvage, 
of  serpentine  is  occasionally  observed.  On  the  left  shore  of  the 
fiord  of  Christiania,  in  Norway,  I  examined,  in  company  with 
Professor  Eeilhan,  a  remarkable  dike  of  syenitio  greenstone,  which 
is  traced  through  Silurian  strata,  until  at  length,  in  the  promontory 
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of  Ngesoddeo,  it  enters  mica* 
schist  Fig.  682.  represents  * 
ground  plsn,  where  the  dike 
appears  8  paces  in  width.  In 
the  middle  it  is  highljr  cr^tal- 
lino  and  granitiform,  of  a  purplish 
colour,  and  containing  a  few 
crrstals  of  mica,  and  strongl; 
contrasted  with  the  whitish  mica- 
echist,  between  which  and  the 
Bjrenitic  rock  there  is  usually  on 
<-  each  side  a  distinct  black  band. 
It  tor-  18  inches  wide,  of  dark  green- 
stone. When  first  seen,  these 
bands  have  the  appearance  of  two  accompanying  dikes ;  jet  tliej 
are,  in  fact,  only  the  different  form  which  the  syenitic  materials 
have  assumed  where  near  to  or  in  contact  with  the  mica-scliist. 
At  one  pointy  a,  one  of  the  sahlbands  terminates  for  a  space ;  bat 
near  this  there  is  a  large  detached  block,  b,  having  a  gneiss-like 
structure,  consisting  of  hornblende  and  felspar,  which  is  incladed  in 
the  midst  of  the  dike.  Bound  this  a  smaller  encircling  zone  is  seen, 
of  dark  basalt,  or  fine-grained  greenstone,  nearly  corresponding  to 
the  larger  ones  which  border  the  dike,  but  only  1  inch  wide. 

It  seems,  therefore,  evident  that  the  fragment,  b,  has  acted  on  the 
matter  of  the  dike,  probably  by  causing  it  to  cool  more  rapidly,  in 
the  same  manner  SiS  the  walla  of  the  fissure  have  acted  on  a  larger 
scale.     The  facts,  also,  illustrate  the  facility  with  which  a  graniti- 
form  syenite  may  pass  into  ordinary  rocks  of  the  volcanic  family. 
The  fact  above  alluded  to,  of  a  foreign  fragment,  such  as  h, 
fig.  682.,  included  in  the  midst 
•''«■  **•■  of  the  trap,  as  if  torn  off  from 

some  Bulyacent  rock  or  the  walls 
of  a  fissure,  is  by  no  means  un- 
common. A  fine  example  is 
seen  in  another  dike  of  groeea- 
stone,  10  feet  wide,  in  the 
northern  suburbs  of  Christiaiiia, 
in  Norway,  of  which  the  an- 
nexed figure  is  a  ground  plan. 
The  dike  passes  through  shale, 
CtHBUon*  dike,  nub  rtatmrntioriHtu.  known  by  its  fossils  to  belong  to 
s«pmfH,  chri«tanit  ^j,g     Silurian     series.     Li    ths 

black  base  of  greenstone  are  angular  and  roundish  pieces  of  gneisa, 
some  white,  others  of  a  light  flesh-colour,  some  without  laminadon, 
like  granite,  others  with  laminie,  which,  by  their  various  and  often 
opposite  directions,  show  that  they  have  been  scattered  at  random 
through  the  matrix.  These  imbedded  pieces  of  gneiss  measore  firom 
1  to  about  8  inches  in  diameter. 
Jiockt  altered  by  volcanic  dikes. — After  these  remarks  on  the  fimn 
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wid  composition  of  dikes  themselvea,  I  ahall  describe  the  nlterationB 
whicli  they  aometimes  produce  in  the  rocks  in  contact  with  them. 
The  changes  are  usually  such  as  the  intense  beat  of  melted  matter 
and  the  entangled  gaaes  might  be  expected  to  cause. 

Ftat'Newydd. — A  striking  example,  near  Plas-Newydd,  in 
Anglesea,  has  been  described  by  Professor  Henslow.*  The  dike  is 
134  feet  wide,  utd  consists  of  a  rock  which  is  a  compound  of  felspar 
and  augite  (dolerite  of  some  authors).  Strata  of  shale  and  argilla- 
ceons  limestone,  through  which  it  cuts  perpendiculsxlj',  are  altered 
to  a  distance  of  30,  or  even,  in  some  places,  to  35  feet  from  the  edge, 
of  the  dike.  The  shale,  as  it  approaches  the  trap,  becomes  gradually 
more  compact,  and  is  most  indurated  where  nearest  the  junction. 
Eere  it  loses  part  of  its  schistose  stnicture,  but  the  separation  into 
parallel  layers  is  still  discernible.  In  aereral  places  the  shale  is  con- 
verted into  hard  porcellanoua  jasper.  In  the  most  hardened  part  of 
tlie  mass  the  fossil  shells,  principally  Prvdueti,  are  nearly  obliter- 
ated ;  yet  even  here  their  impressions  may  frequently  be  traced. 
The  argillaceous  limestone  undergoes  analogons  mutations,  losing  its 
earthy  texture  as  it  approaches  the  dike,  and  becoming  granular  and 
cryatalline.  But  the  most  extraordinary  phenomenon  is  the  appear- 
ance in  the  shale  of  numerous  crystals  of  analcime  and  garnet^  which 
are  distinctly  confined  to  those  portions  of  the  rock  affected  by  the 
dike.!  Some  garnets  contain  as  much  as  20  per  cent  of  lime,  which 
tbey  may  have  derived  from  the  decomposition  of  the  fossil  shells  or 
ProdnctL  The  same  mineral  has  been  observed,  under  very  ana- 
logons  circumstances,  in  High  Tee84lale,  by  Professor  Sedgwick, 
irhere  it  also  occurs  in  shale  and  limestone,  altered  by  basalt^ 

Antrim. — In  several  parts  of  the  county  of  Antrim,  in  the  north 
of  Ireland,  chalk  with  flints  is  traversed  by  basaltic  dikes.  Tha 
cbalk  is  there  converted  into  granular  marble  near  the  basalt,  the 
change  sometimes  extending  8  or  10  feet  from  the  wall  of  the  dike, 
being  greatest  near  tho  point  of  contact,  and  thence  gradually  de- 
creasing till  it  becomes  evanescent  "  The  extreme  effect,"  says  Dr. 
Berger,  "  presents  a  dark  brown  crystalline  limestone,  the  crystals 
running  in  flakes  as  large  as  those  of  coarse  primitive  (metamorpkui) 
limestone;  the  next  state  is  saccharine,  then  fine  gruned  and  arena- 
ceoos;  a  compact  variety,  having  a  porcellanous  aspect  and  a  bluish- 
grey  colour,  succeeds  :  this,  towards  the  outer  edge,  becomes  yellow- 
isb-white,  and  insensibly  graduates  into  the  unaltered  chalk.  The 
flints  in  iJie  altered  chalk  usually  assume  a  grey  yellowish  colour."^ 
All  traces  of  organic  remsins  are  effaced  in  that  part  of  the  lime- 
atone  which  is  most  crystalline. 

The  annexed  drawing  (fig.  €84.)  represents  three  basaltic  dikes 
traversing  the  chalk,  all  within  the  distance  of  90  feet.  The  cbalk 
contiguous  to  the  two  outer  dikes  is  converted  into  a  finely  granular 
marble,  m  m,  as  are  the  whole  of  the  masses  between  the  outer  dikes 

*    Cuubridge    TranractSoni,    toL  L        1  Ibid,  vol  IL  p.  175. 
p.  408.  §  Dr.  Bei^oT,  OeoL  Trana  lit  series, 

f  Sad. VOL  1.^410.  vol.iiLp.lT3. 
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and  the  central  one.  The  entire  contrast  in  the  compositiiin  and 
colour  of  the  intrusive  and  invaded  rocks,  in  these  cases,  renders  tha 
phenomena  peculiarly  clear  and  interesting. 

Another  of  the  dikes  of  the  north-east  of  Ireland  has  converted  a 
mass  of  red  sandstone  into  homatone.  By  another,  the  shale  of  the 
coal-measures  has  heen  indurated,  assuming  the  character  of  flin^ 
elate ;  and  in  another  place  the  slate-clay  of  the  lias  has  been 
changed  into  flinty  slate,  which  still  retains  numerous  impresdons  of 
ammonites.f 

It  might  have  been  anticipated  that  beds  of  coal  would,  from  their 
combustible  nature,  be  affected  in  an  extraordinary  degree  by  the 
contact  of  melted  rock.  Accordingly,  one  of  the  greenstone  dikes  of 
Antrim,  on  passing  through  a  bed  of  coal,  reduces  it  to  a  cinder  for 
the  space  of  9  feet  on  each  side. 

At  Cockfield  Fell,  in  the  north  of  England,  a  similar  change  is 
observed.  Specimens  taken  at  the  distance  of  about  30  yards  from 
the  trap  are  bot  distinguishable  from  ordinary  pit-coal ;  those  nearer 
the  dike  are  like  cinders,  and  have  all  the  character  of  coke ;  while 
those  close  to  it  are  converted  into  a  substance  resembling  soot.} 

As  examples  might  be  multiplied  without  end,  I  shall  merely 
select  one  or  two  others,  and  then  conclude.  The  rock  of  Stirling 
Castle  is  a  calcareous  sandstone,  fractured  and  forcibly  displaced  by 
a  mass  of  greenstone  which  has  evidently  invaded  the  strata  in  a 
melted  state.  The  sandstone  has  been  indurated,  and  has  assumed  a 
texture  approaching  to  homstone  near  the  junction.  In  Arthor'a 
Seat  and  Salisbury  Craig,  near  Edinburgh,  a  sandstone  which  oomea 
in  contact  with  greenstone  is  converted  into  a  jaspideous  rock. 

The  secondary  sandstones  in  Skye  are  converted  into  solid  quarts 
in  several  places,  where  they  come  in  contact  with  veins  or  maases 
of  trap ;  and  a  bed  of  quartz,  says  Dr.  MacCnlloch,  found  near  a 
mass  of  trap,  among  the  coal  strata  of  Fift^  was  in  all  probability  a 
stratum  of  ordinary  sandstone,  having  been  subsequently  indurated 
and  turned  into  quartzite  by  the  action  of  heat§ 

But  although  strata  in  the  neighbourhood  of  dikes  are  thna  altered 

*  Gcol.  Trans.    1st  lerieB,    voL   til  t  SeigviiA,  Cuub.   Tnaa,   toL   B, 

p.  210.  and  piaw  10.  p.  37. 

t  Ibid.  p.  213. ;  and  PUyfiur,  Dlnst.  §  Bjtt.  of  GcoL  vd.  L  p.  SOS. 
of  Hul:.  Tlieorj,  b.  SSS. 
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in  a  Tuietj  of  cases,  shale  being  turned  into  flinty  sl&te  or  jasper, 
limestone  into  crystalline  marble,  sandstone  into  quartz,  coal  into 
coke,  and  the  fbsgil  remains  of  all  such  strata  whollj'  and  in  part 
obliterated,  it  is  by  no  means  uncommon  to  meet  with  the  same  rocks, 
even  in  the  same  distiictti,  abBolntely  unchanged  in  the  proximity  of 
volcanic  dikes. 

This  great  inequality  in  the  effects  of  the  igneous  rocka  may  often 
■rise  from  an  original  difference  in  their  temperature,  and  in  that  of 
the  entangled  gases,  such  as  is  ascertained  to  prevail  in  different 
lavas,  or  in  the  same  lava  near  its  source  and  at  a  distance  from  it 
The  power  also  of  the  invaded  rocks  to  conduct  heat  may  vary, 
according  to  their  composition,  structure  and  the  fractures  which 
they  may  have  experienced,  and  perhaps,  also,  according  to  the  quan- 
tity of  water  (so  capable  of  being  heated)  which  they  contain.  It 
must  happen  in  some  cases  that  the  component  materials  are  mixed 
in  such  proportions  as  prepare  them  readily  to  enter  into  chemical 
union,  and  form  new  minerals ;  while  in  other  cases  the  mass  may 
be '  more  homogeneous,  or  the  proportions  less  adapted  for  such 
union. 

We  must  also  take  into  consideration,  that  one  fissure  may  be  sim- 
ply filled  with  lava,  which  may  begin  to  cool  from  the  first;  whereas 
in  other  cases  the  fissure  may  give  pass^e  to  a  current  of  melted 
matter,  which  may  ascend  for  days  or  months,  feeding  streams  which 
are  overflowing  the  country  above,  or  are  ejected  in  the  shape  of 
scoriee  from  some  crater.  If  the  walls  of  a  rent,  moreover,  are 
heated  by  hot  vapour  before  the  lava  rises,  as  we  know  may  happen 
on  the  flanks  of  a  volcano,  the  additional  caloric  supplied  by  the  dike 
and  its  gases  will  act  more  powerfully. 

Intrution  of  trap  between  itrata. — In  proof  of  the  mechanical 
force  which  the  fluid  trap  has  sometimes  exerted  on  the  rocks  into 
which  it  has  intruded  itself,  I  may  refer  to  the  Whin-Sill,  where  a 
mass  of  basalt,  from  60  to  80  feet  in  height,  represented  by  a, 
fig.  685.,  is  in  part  wedged  in  between  the  rocks  of  Umestone,  h,  and 


■hale,  e,  which  have  been  separated  from  the  great  mast  of  limestone 
and  ahale,  d,  with  which  they  were  united. 

*  Camh.  Trans.  voL  IL  p.  lAO; 
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The  Bhale  in  this  place  is  indur&ted;  nad  the  limestone,  vtiich  it 
a  distance  from  the  trap  is  blue,  and  contains  foMJI  corali,  ie  bere 
converted  into  white  granular  marble  without  fossib. 

Masses  of  trap  are  not  unfreqnentl^  met  with  intercalated  between 
strata,  and  maintaining  their  parallelism  to  the  planes  of  strtdfici- 
tion  throughout  Urge  areas.  They  must  in  some  places  hire  fiirced 
their  way  laterally  between  the  divisions  of  the  strata,  a  direction  in 
which  there  would  be  the  least  resistance  to  an  advancing  fluid,  if 
no  vertical  rents  commtinicated  with  the  surface,  and  a  powerJiil 
hydrostatic  pressure  were  caused  by  gases  propelling  the  l»v» 
npwards. 

Columnar  and  globular  ttrueturt. — One  of  the  characteristic 
forms  of  volcanic  rocks,  especially  of  basalt,  is  the  columnar,  where 
large  masses  are  divided  into  regular  prisms,  sometimes  easily  Bept- 
rable,  but  in  other  cases  adhering  firmly  U^ether.  The  colnmu 
vary  in  the  number  of  angles,  tVom  three  to  tw^elve ;  but  tbey  hue 
most  commonly  from  five  to  seven  sides.  Tbey  are  ofteD  dividrd 
transversely,  at  nearly  equal  distances,  like  the  JMnts  in  a  vertebwl 
column,  as  in  the  Giants'  Causeway,  in  Ireland.  They  vary  ei««i- 
ingly  in  respect  to  length  and  diameter.  Dr.  MacCulloch  mentiiw 
some  in  Skye  which  are  about  400  feet  long  ;  others,  in  Morren,  not 
exceeding  an  inch.  In  regard  to  diameter,  those  of  Ailsa  meisuitS 
feet,  and  those  of  Morven  an  inch  or  less.*  They  are  usually  strsighl, 
but  sometimes  curved ;  and  examples  of  both  these  occur  in  tte 
island  of  Staffa.  In  a  horizontal  bed  or  sheet  of  trap  the  fxAviam 
are  vertical ;  in  a  vertical  dike  they  are  horizontal.  Among  oibfr 
examples  of  the  last-mendoned  phenomenon  is  the  mass  of  bsMlL 
called  the  Chimney,  in  St  Helena  (see  fig.  686.),  a  pile  of  hexagMul 


prisms,  64  feet  high,  evidently  the  remunder  of  a  narrow  dike,  ll 
walls  of  rock  which  the  dike  originally  traversed  having  been  rt 

•  UacCnl^Sfft.  of  Ge<^Tol.  fL  p.  lar. 
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moved  down  to  the  lerel  of  the  eea.     In  Sg.  687<,  a  Bmall  portion  of 
this  dike  is  represented  on  ■  leas  reduced  scale.* 

It  being  assumed  that  columnar  trap  has  consolidated  from  a  flnid 
state,  the  priuits  are  sud  to  be  alwajrs  at  right  angles  to  the  cooling 
nttfaee*.  li  these  sur&ces,  therefore,  instead  of  being  either  per- 
pendicnlar  or  horizontal,  are  curved,  the  columns  ought  to  be  inclined 
at  ever^  angle  to  the  horizon  ;  and  there  is  a  beautiful  exemplifica- 
tion of  this  phenomenon  in  one  of  the  valleys  of  the  Vivarais,  a 
mountainous  district  in  the  South  of  France,  where,  in  the  midst  of 
a  region  of  gneiss,  a  geologiBt  encounters  unexpectedly  several 
volcanic  cones  of  loose  sand  kdA  scoriffi.  From  the  crater  of  one  of 
these  cones,  called  La  Coupe  d'Ayzac,  a  stream  of  lava  descends  and 
occupies  the  bottom  of  a  narrow  valley,  except  at  those  points  where 
the  river  Volant,  or  the  torrents  which  join  it,  have  cut  away  portions 
of  the  solid  lavL    The  accompanying  sketch  (fig,  6S8.)  represents  the 


remnant  of  the  lava  at  one  of  the  points  where  a  lateral  torrent  joins 
the  main  valley  of  the  Volant.  It  is  clear  that  the  lava  once  filled 
the  whole  valley  up  to  the  dotted  line  d  a  \  but  the  river  has  gra- 
dually  swept  away  all  below  that  line,  while  the  tributary  torrent  has 
laid  open  a  transverse  section ;  by  which  we  perceive,  in  the  first 
place,  that  the  lava  is  composed,  as  usual  in  this  country,  of  three 
parte;  the  uppermost,  at  a,  being  acoriaceous ;  the  second,  h,  pre- 
senting irregular  prisms;  and  the  third,  e,  with  regular  columns, 
which  are  vertical  on  the  banks  of  the  Volant,  where  they  rest  on  a 
horizontal  base  of  gneiss,  but  which  are  inclined  at  an  angle  of  45°  at 
g,  tuid  are  horizontal  at  f,  their  position  having  been  every  where 
determined,  according  to  the  law  before  mentioned,  by  the  concave 
form  of  the  original  valley. 

In  the  annexed  figure  (689.)  a  view  is  given  of  some  of  the  in- 
clined and  curved  columns  which  present  themselves  on  the  sides 
of  the  valleys  in  the  hilly  region  north  of  Vicenza,  in  Italy,  and 
at  the  foot  of  the  higher  Alps.f  Unlike  those  of  the  Vivarais,  last 
mentioned,  the  basalt  of  this  country  was  evidently  submarine,  and 
the  present  valleys  have  since  been  hollowed  out  by  denudation. 
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The  columnar  atractare  is  b;  no  means 
peculiar  to  tb«  trap  rocks  in  which 
angite  aboande;  it  is  also  observed  in 
clinkstone,  trachytfl,  and  other  felspathic 
rocks  of  the  igneous  class,  although  in 
these  it  is  rare]/  exhibited  in  aach  re- 
gular polygonal  forms. 

It  has  been  alreadj  stated  that  basaltic 

columns  are  often  divided  bj  cross  joints. 

Sometimes  each  segment,  instead  of  an 

angular,  assumes  a  spheroidal  form,  so 

that  a  pillar  is  made  up  of  a  pile  of 

Coiunur  twuji  In  (h«  viecdUb.      balls,  UBuall}'  flattened,  as  in  the  Cheese- 

"'°"'''  grotto  at  Bertrich-Baden,  in  the  Eifel, 

near  the  Moaclle  (fig.  690.).     The  basalt  there  is  part  of  &   small 

stream  of  lava,  from  30  to  40  feet  thiok,  which  has  proceeded  from 


one  of  several  volcanic  craters,  still  extan^  on  the  neighbooring 
heights.  The  position  of  the  lava  bordering  the  river  in  this  valkr 
might  be  represented  by  a  section  like  that  already  given  at  fig.  63^ 
if  we  merely  supposed  inclined  strata  of  slate  and  the  ai^illsceoai 
sandstone  called  greywacke  to  be  substituted  for  gneiss. 

In  some  masses  of  decomposing  greenstone,  basalt,  and  other  trap 
rocks,  the  globular  structure  is  so  conspicuous  that  the  rock  has  the 
appearance  of  aheap  of  large  cannon  balls.  According  to  the  theory 
of  M.  Delesse,  the  centre  of  each  spheroid  has  been  a  centre  of  crys- 
tallization, aronnd  which  the  different  minerals  of  the  rock  arranged 
themselves  symmetrically  during  the  process  of  cooling.  Btit  it  was 
also,  he  saya,  a  centre  of  contraction,  produced  by  the  same  cooling. 
The  globular  form,  therefore,  of  such  spheroids  is  the  combinn! 
result  of  crystallization  and  contraction.* 

*  Deleiie,  mr  lea  Bodies  Globuleosea,  H£m.  de  )«  Soc.  (HdL  it  France,  9  tk. 
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A  striking  exampla  of  this  Etructure  occurs  in  a  resioouB  trachTte 
or  pitchatone-porph^^  in  one  of  the  Ponza  islanda,  which  rise  from 
the  MediterTHnean,  off  the  coast  of  Teirscina  and  Gaeta.      The 
globes  vary  from  a  few  inches  to  three 
feet  m  diameter,  and  are  of  an  eilipaoidsl 
form  (see  fig.  691.).    The  whole  rock  is 
in  a  state  of  decomposition,  "  and  when 
the  balls,"  says  Mr.  Scrope,  "  have  been 
exposed  a  short  time  to  tlie  weather,  thej 
I       scale  off  at  a  touch  into  nuioeroaa  con- 
centric coats,  like  those  of  a  bnlbons  root, 
incloH  ng  a  compact  nucleus.    The  laminn 
of  this  nucleus  hav^  not  been  so  much 
loosened  by  decomposition ;  bnttheappU- 
catioa  of  a  ruder  blow  will  produce  a  still 
further  exfoliation."* 

A  fissile  texture  is  occasionally  assumed 
by  chnkstone  and  other  trap  rocks,  so  that 
they  have  been  used  for  roofing  honses. 
Sometimes  the  prismatic  and  slaty  struc- 
ture IS  found  in  the  same  mass.  The 
causes  which  give  rise  to  such  arrange- 
ments are  very  obscure,  but  are  supposed 
to  be  connected  with  changes  of  temperature  during  the  cooling  of 
the  mass,  as  will  be  pointed  out  in  the  sequel  (See  Chaps.  XXXT. 
and  XXXVL) 


Relation  of  Trappean  Boekt  to  tke  produett  of  active  Volcanot. 

When  we  reflect  on  the  changes  above  described  in  the  strata  near 
their  contact  with  trap  dikes,  and  consider  how  complete  is  the 
analc^  or  often  identity  in  composition  and  structure  of  the  rocks 
called  trappean  and  the  lavas  of  active  volcanos,  it  seems  difficult  at 
first  to  understand  how  so  much  doubt  could  have  prevailed  for  half 
a  century  as  to  whether  trap  was  of  igneous  or  aqueous  origin.  To 
a  cert4un  extent,  however,  iheie  was  a  real  distinction  between  the 
trappean  formations  and  those  to  which  the  term  volcanic  was  almost 
exclusively  confined.  A  lai^  portion  of  the  trappean  rocks  first 
studied  in  the  north  of  Germany,  and  in  Norway,  France,  Scotland, 
and  other  countries,  were  sach  as  had  been  formed  entirely  under 
water,  or  had  been  injected  into  fissures  and  intruded  between  strata, 
and  which  had  never  flowed  out  in  the  air,  or  over  the  bottom  of  a 
shallow  sea.  When  these  products,  therefore,  of  submarine  or  sub- 
terranean igneous  action  were  contrasted  with  loose  cones  of  scoriB, 
tuS|  and  lava,  or  with  narrow  streams  of  lava  in  great  part  scoria- 
ceous  and  porous,  such  as  were  observed  to  have  proceeded  from 
Vesuvius  and  Etna,  the  resemblance  seemed  remote  and  equivocal. 


*  Scntpe,  G«oL  Trsni.  Sd  tcriei,  toL  ii  p.  SOD, 
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It  was,  in  truth,  like  eompuiDg  the  roots  of  %  tree  with  its  leaves 
aad  branches,  which,  althoagh  the/  belong  to  the  wane  plant,  differ 
in  form,  texture,  colour,  mode  of  growth,  and  podtion.  The  external 
cone,  with  its  Iooho  ashes  BJid  porous  lava,  may  be  likened  to  the 
light  foliage  and  branches,  and  the  rocks  concealed  fiw  below,  to  the 
loots.     Bat  it  is  not  enough  to  say  of  the  volcano. 


1  ^_^  ^  ^  <?  - 1 

M 

iv: 

la  IntvTcrptvd  b^  a  trui  dike, 
cuTind  witli  (llu'iuin. 


for  its  roots  do  literally  reach  downwards  to  Tartams,  or  to  the 
regions  of  subterranean  fire ;  and  what  is  concealed  far  below  is 
probably  always  more  important  in  yolnme  and  extent  than  what  is 
visible  above  ground. 

We  have  already  stated  how  frequently  dense  masses  of  strata 
have  been  removed  by  denudation  from  wide  areas  (see  Chap.  TL); 
and  this  fiict  prepares  ns  to  expect  a 
similar  destruction  of  whatever  may 
once  have  formed  the  uppermost  part 
of  ancient  submarine  or  subaerlal  vol- 
canos,  more  especially  as  those  super- 
ficial parts  are  always  of  the  lightest 
and  most  perishable  materials.  The 
abrupt  manner  in  which  dikes  of  trip 
usually  terminate  at  the  surface  (see 
fig.  692.),  and  the  water-worn  pebbles 
of  trap  in  the  alluvium  which  corera 
the  dike,  prove  incontestably  that  whatever  was  uppermost  in  these 
formations  has  been  swept  away.  It  is  easy,  therefore,  to  conceive 
that  what  is  gone  in  regions  of  trap  may  have  corresponded  to  whit 
is  now  visible  in  active  volcanos. 

It  will  be  seen  in  the  following  chapters,  that  in  the  earth's  crust 
there  are  volcanic  tu&s  of  all  ages,  containing  marine  shells,  which 
bear  witness  to  eruptions  at  many  snccessive  geological  period!^ 
These  tufis,  and  the  associated  trappean  rocks,  must  not  be  compared 
to  lava  and  scorice  which  hod  cooled  in  the  open  lur.  Their  counter- 
parts  must  be  sought  in  the  products  of  modern  submariue  volcanic 
eruptions.  If  it  be  olgected  that  we  have  no  opportunity  of  studying 
these  last,  it  may  be  answered,  that  subterranean  movements  haft 
caused,  almost  everywhere  in  regions  of  active  volcanos,  grest 
changes  in  the  relative  level  of  land  and  sea,  in  times  comparatively 
modem,  so  as  to  expose  to  view  the  effects  of  volcanic  operations  It 
the  bottom  of  the  sea. 

Thus,  for  example,  the  examination  of  the  igneous  rocks  of  Sioljt 
especially  those  of  the  Val  di  Noto,  has  proved  that  all  the  toon 
ordinary  varieties  of  European  trap  have  been  there  produced  under 
the  waters  of  the  sea,  at  a  modem  period ;  that  is  to  say,  since  tbs 
Aleditemnean  has  been  inhabited  by  a  great  proportion  of  ths 
existing  species  of  testacea. 
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Tbeae  igneous  rocks  of  the  Val  di  Noto,  and  the  more  ancient 
trappeaa  rocka  of  Scotland  and  other  countries,  differ  from  aub- 
aerial  voleaaic  formationa  in  being  more  compact  and  heavy,  and 
in  forming  sometiraee  extensive  sheets  of  matter  intercalated  be- 
tween marine  strata,  and  sometimes  stratified  conglomerates,  of 
which  the  rounded  pebbles  are  all  trap.  They  differ  also  in  the 
absence  of  regular  cones  and  craters,  and  in  the  want  of  conformity 
of  the  lava  to  the  lowest  levels  of  existiag  valleys. 

It  is  highly  probable,  however,  that  insular  cones  did  exist  in 
some  parts  of  the  Val  di  Noto :  and  that  they  were  removed  by  the 
waves,  in  the  same  manner  as  the  cone  of  Graham  Island,  in  the 
Mediterranean,  was  swept  away  In  1831,  and  that  of  Nyoe,  off 
Iceland,  in  1763.*  All  that  would  remain  in  such  cases,  after  the 
bed  of  the  sea  has  been  upheaved  and  laid  dry,  would  be  dikes  and 
shapeless  masses  of  igneous  rock,  cutting  through  sheets  of  lava 
which  may  have  spread  over  the  level  bottom  of  the  sea,  and  strata 
of  tuff,  formed  of  materials  first  scattered  Oir  and  wide  by  the  winds 
and  waves,  and  then  deposited.  Conglomerates  also,  with  pebbles 
of  trap,  to  which  the  action  of  the  waves  must  give  rise  during  the 
denudation  of  such  volcanic  islands,  will  emerge  from  the  deep 
whenever  the  bottom  of  the  sea  becomes  land.  The  proportion  of 
volcanic  matter  which  is  originally  submarine  must  always  be  very 
great,  as  those  volcanic  vents  which  are  not  entirely  beneath  the 
sea  are  almost  all  of  them  in  islands,  or,  if  on  continents,  near  the 

As  to  the  absence  of  porosity  in  the  trappean  formations,  the 
appearances  are  in  a  great  degree  deceptive,  for  all  amygdaloids  are, 
OS  already  explained,  porons  rocks,  into  the  cells  of  which  mineral 
matter  such  as  silex,  carbonate  of  lime,  and  other  ingredients,  have 
been  subsequently  introduced  (see  p.  596.);  sometimes,  perhaps,  by 
secretion  during  the  cooling  and  coasoiidation  of  lavas. 

In  the  Little  Cumbray,  one  of  the  Western  Islands,  near  Arran, 
the  amygdaloid  sometimes  contains  elongated  mvities  filled  with 
brown  spar ;  and  when  the  nodules  have  been  washed  out,  the 
interior  of  the  cavities  is  glazed  with  the  vitreous  varnish  so  cha- 
racteristic of  the  pores  of  slaggy  lavas.  Even  in  some  parts  of  this 
rock  which  are  excluded  from  air  and  water,  the  cells  are  empty, 
and  seem  to  have  always  remained  in  this  state,  and  are  therefore 
uo distinguishable  from  some  modern  lavas.']' 

Dr.  MacCulloch,  after  examining  with  great  attention  these  and 
the  other  igneous  rocks  of  Scotland,  observes,  "that  it  is  a  mere 
dispute  abont  terms,  to  refuse  to  the  ancient  eruptions  of  trap  the 
name  of  submarine  volcanoes ;  for  they  are  such  in  every  essential 
point,  although  they  no  longer  eject  fire  and  smoke."}  The  same 
author  also  considers  it  not  improbable  that  some  of  the  volcanic 

•  SeePrinc.  of  Oea\.,  Indtx,  "Gra-  t  M«cCuUodi,  Wert.  liUnds,  wiLii 

hunliland,"  "Sjot,"  '' Conglomeratei,      p.  4ST. 
Tolcsnic,"  &c  {  Sjil.  ot  OcoL  toL  iL  p.  1 14. 
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Tocks  of  the  rome  couotrj  ma.y  have  been  poured  out  in  the  open 
air.* 

Although  the  principal  component  minenlg  of  subaerial  Isras  ara 
the  same  as  those  of  intruaive  trap,  and  both  the  columnar  and 
globular  structure  are  common  to  both,  there  are,  nevertheless,  some 
volcanic  rocka  which  never  occur  in  currents  of  lara,  Such  as 
greenstone,  the  more  crystalline  porphyries,  and  those  traps  in 
which  quartz  and  mica  appear  as  constituent  parts.  In  shorty  the 
intrusive  trap  rocks,  forming  the  intermediate  step  between  lav& 
and  the  plutonic  rocks,  depart  iu  their  characters  ttom  lava  ia 
proportion  as  they  approximate  to  granite. 

These  views  respecting  the  relations  of  the  volcanic  and  trap 
rocks  will  be  better  understood  when  the  reader  has  studied,  in  the 
dSrd  chapter,  what  is  said  of  the  plutonic  formations 

BXTBRNAL  rOBX,  STBDCTDUE,  AND  OBIQIM  OF  VOLCAKIC  H0DNTAIX8. 

"Rie  origin  of  volcanic  cones  with  crater-shaped  summits  has  been 
alluded  to  in  the  last  chapter  (p.  689.),  and  more  fully  explained  iu 
the  "Principles  of  Geology"  (chaps,  ixiv.  to  zxviL),  where  Ve- 
suvius, Etna,  Santorin,  and  Barren  Island  are  described.  The  mwe 
ancient  portions  of  those  mountains  or  islands,  formed  long  before 
the  times  of  history,  exhibit  the  same  external  features  and  internal 
structure  wliich  belong  to  most  of  the  extinct  rolcanos  of  still 
higher  antiquity;  and  these  last  have  evidently  been  due  to  » 
complicated  series  of  operations,  varied  in  kind  according  to  cir- 
cumstances; as,  for  example,  whether  the  accumulation  took  place 
above  or  below  the  level  of  the  sea,  whether  the  lava  issued  &om 
one  or  several  contiguoas  vents,  and,  lastly,  whether  the  rocks  re- 
duced to  fusion  in  the  subterranean  regions  happen  to  have  contained 
more  or  less  silica,  potash,  soda,  lime,  iron,  and  other  ingredients. 

We  are  best  acquainted  with  the  effects  of  eruptions  above  water. 
or  those  called  subaerial  or  supramarine ;  yet  the  products  even  of 
these  are  arranged  in  so  many  ways  that  their  interpretation  has 
given  rise  to  a  variety  of  contradictory  opinions,  some  of  which  will 
have  to  be  considered  in  this  chapter. 

Craters  and  Calderat,  Sandwich  Ishttdt.  —  We  team  froai 
Mr.  Dana's  valuable  work  on  the  geology  of  the  United  Stated 
Exploring  Expedition,  published  in  1649,  tliat  two  of  the  principal 
volcanos  of  the  Sandwich  Islands,  Mounts  Loa  and  Kea  in  Owyhe^ 
are  huge  flattened  volcanic  cones,  about  14,000  feet  high  (see  fig. 
693.),  each  equalling  two  and  a  half  Etnas  in  their  dimensions. 

From  the  summits  of  these  lofty  though  featureless  hilts,  and  from 
vents  not  far  below  their  summite,  successive  streams  of  lava,  often 
2  miles  or  more  in  width,  and  sometimes  26  miles  long,  have  flowed, 
lliey  have  been  poured  out  one  after  the  other,  some  of  Ihem  in 
recent  times,  in  every  direction  from  the  apex  of  the  vme,  down 
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slopeB  varjiDg  on  ao  average  from  4  degrees  to  8  degrees ;  but  ia 
some  places  considerably  steeper.  Sometimes  deep  rents  are  formed 
on  the  sides  of  these  conical  mountains,  wliich  are  afterwards  filled 
from  above  by  streams  of  lavs  passing  over  them,  the  liquid  matter 
in  sacb  cases  consolidating  in  the  fissures  and  forming  dikei. 

The  lateral  crater  of  Kilauea,  b,  fig.  693.,  is  between  3000  and  4000 

feet  above  the  sea-level,  or  about  the  height  of  Vesuvius.     It  is  an 

immense  chasm,  1000  feet  deep,  and  its  outer  circuit  no  less  than 

from  two  to  three  miles  in  diameter.     Lava  is  usually  seen  to  boil 

up  at  the  bottom  in  a  lake,  the  level  of  which  varies  continually,  for 

the  liquid  rises  and  falls  several  hundred  feet   according  to  the 

active  or  quiescent  state  of  the  volcano.     But  instead  of  overflowing 

the  rim  of  the  crater,  as  commonly  happens  in  other  vents,  the 

column  of  melted  rock,  when  its  pressure  becomes  excessive,  forces 

a  passes  through  some   subterranean  galleries  or  rents  leading 

towards  the  sea.     Mr.  Coan,  an  American  missionary,  has  described 

an  eruption  which  took  place  in  June  1840,  when  the  lava  which 

had  risen  high  in  the  great  chasm  began  to  escape  from  it.     Its 

direction  was  first  recognised  by  the  emission  of  a  vivid  light  &om 

the  bottom  of  an  ancient  wooded  crater,  called  Arare,  400  feet  deep 

and  6  miles  to  the  eastward  of  Kilauea.     The  connec^n  of  this 

light  with  the  discharge  or  tapping  of  the  great  reservoir  waa 

proved  by  a  change  in  the  level  of  the  lava  in  Kilauea,  which  sank 

gradually  for  three  weeks,  or  until  the  eruption  ceased,  when  the 

lake  stood  400  feet  lower  than  at  the  commencement  of  the  outbreak. 

The  passage  therefore,  of  the  fluid  matter  from  Kilauea  to  Arare 

was  underground,  and  it  is  supposed  by  Mr.  Coan  to  have  been  at 

its    first    outflow    1000  feet  deep   below  the  surface.     The   next 

iadicstioa  of   the  subterranean  pn^^ss  of  the  same  lava  waa 

observed  a  mile  or  two  from  Arare,  where  the  tiery  flood  broke  out 

and  spread  itself  superficially  over  50  acres  of  land,  and  then  again 

found  its  way  underground  for  several  miles  farther  towards  the 

sea,   to  reappear  at  the  bottom  of  a  second  ancient  and  wooded 

crater,  which  it  partly  filled  up.      The  course  of  the  fluid  then 

became  again  invisible  for  several  miles,  until  it  broke  out  for  the 

last  time  at  a  point  ascertained  by  Captain  Wilkes  to  be  1244  feet 

above  the  sea,  and  27  miles  distant  from  Kilauea.    From  thence  it 

poured   along  for  12  miles  in  the  open  air,  and  then  leapt  over 

a  cliff  50  feet  high,  and  ran  for  three  weeks  into  the  sea.     Its 

termination  was  at  a  place  about  40  miles  distant  from  Kilauea. 

The  crust  of  the  earth  overlying  the  subterranean  course  of  the  lava 

was  often  traversed  by  innumerable  fissures,  which  emitted  steam, 

and  in  some  places  the  incumbent  rocks  were  uplifted  20  or  30  feet. 
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ThQs  in  the  same  volcaao  examples  are  afforded  of  the  oTerflowing 
of  lava  from  the  summit  of  a  cooe  2^  miles  high,  and  of  the  under- 
flowing  of  melted  matter.  Whether  thia  last  has  formed  sheeM 
intercalated  between  the  stratified  producta  of  preTione  eniptioni, 
or  whether  it  has  penetrated  through  oblique  or  vertical  fissure^ 
cannot  be  determined.  In  one  instance,  howeTer,  for  a  cerUia 
space,  it  ia  said  to  have  spread  laterally,  uplifting  the  incnmbeat 
soil. 

The   annexed  section   of    the  crater  of  £ilaueaf  as  giren  bj 
Mr.  Dana,  follows  the  line  of  its  sh(»1er  diameter,  a,  b,  which  ia 

SkiIod  or  the  enter  ol  KlLioea  In  Ih*  Sadvich  lelindi.    <Dul) 


about  7500  feet  long.  The  boundary  cliffs,  a,  c  and  i,  <(  are  for  the 
moat  part  quite  vertical  and  650  feet  high.  Thej  are  composed  nt 
compact  rock  in  layers,  not  divided  by  scoria^  some  a  few  incbes, 
others  30  feet  in  thickness,  and  nearly  horizontal.  Below  this,  ve 
come  to  what  is  called  the  "  black  ledge,"  c,  e  and  /,  d,  composed  (^ 
similar  stratified  mat«rialB.  This  ledge  is  342  feet  in  height  above 
the  lake  of  lava,  g,  h,  which  it  encircles.  The  chasm,  a,  b,  and  iu 
walls  have  probably  been  due  to  a  former  sinking  down  of  Ou 
incumbent  rocks,  undermined  for  a  space  by  the  fusion  of  then 
foundations.  The  lower  ledge,  e,  e  and  f,  d,  may  consist  in  part  of 
the  mass  which  sank  vertically,  but  part  of  it  at  least  must  be  m*^ 
Up  of  layers  of  lava,  which  have  been  seen  to  pour  one  after  lb« 
other  over  the  "  black  ledge."  If  at  any  future  period  the  heated 
fluid,  ascending  from  the  volcanic  focus  to  the  bottom  of  the  grMt 
chaam,  should  augment  in  volume,  and,  before  it  can  obtain  it'oei 
should  spread  itself  subterraneously,  it  may  melt  still  farther  the 
enbjacent  masses,  and,  causing  a  failure  of  support,  may  enlaige  ^li^ 
more  the  limits  of  the  amphitheatre  of  Eilauca.  There  are  distiaci 
signs  of  subsidences,  from  100  to  200  feet  perpendicular,  which 
have  occurred  in  the  neighbourhood  of  Kilanea  at  various  pointSi 
and  they  are  each  bounded  by  vertical  walls.  If  all  of  them  irere 
united,  they  would  constitute  a  sunken  area  equal  to  eight  square 
miles,  or  twice  the  extent  of  Kitauea  itself.  Similar  accidents  an 
also  likely  to  occur  near  the  summit  of  a  dome  like  Mount  Loa,  for 
the  hydrostatic  preasure  of  the  lava,  after  it  has  riaen  to  the  edge  or 
lip  of  the  highest  crater,  a,  flg.  693.,  most  be  great  and  must  create 
a  tendency  to  lateral  fiasuring,  in  which  case  lavs  will  be  iigected 
into  every  tuning,  and  may  begin  to  uudennina.  If^  then,  Mme  of 
the  melted  matter  be  drawn  off  by  eec^ung  at  a  lower  level,  when 
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the  pressiire  would  be  Bttll  greater,  the  whole  top  of  the  mountajn, 
en-  a  large  part  of  it^  might  fail  in. 

Instances  of  Bucb  truncatioDs,  however  caused,  hare  occnrred  Id 
Java  and  in  the  Andes  within  the  times  of  history,  and  to  such  events 
we  may  perhaps  refer  a  very  common  feature  in  the  configuration  of 
volcanic  mountaina,  —  namely,  that  the  present  active  cone  of  erup- 
tion is  surrounded  by  the  ruins  of  a  larger  and  older  cone,  usually 
presenting  a  crescent-shaped  precipice  towards  the  newer  cone>  In 
volcanos  long  since  extinct,  the  erosive  power  of  running  water,  or, 
in  certain  cases,  of  the  aea,  may  have  greatly  modified  the  shape  of 
the  "  atrium."  or  space  between  the  older  and  newer  cone,  and  the 
cavity  may  thereby  be  prolonged  downwards,  and  end  in  a  ravine. 
In  sach  cases  it  may  be  impossible  to  determine  how  much  of  the 
missing  rocks  has  been  removed  by  explosion  at  the  time  when 
the  original  crater  was  active,  or  how  much  by  subsequent  engulph- 
ment  and  denudation. 

Java.  —  One  of  the  latest  contributions  to  our  knowledge  of  vol- 
canos vrill  be  found  in  Dr.  Junghuhn's  work  on  Java,  where  forty- 
six  conical  eminences  of  volcanic  origin,  varying  in  elevation  from 
4000  to  nearly  13,000  feet  above  the  sea,  constitnte  the  highest 
peaks  of  a  monntun  range,  running  through  the  island  from  east  to 
west  AH  of  them,  with  one  exception,  did  this  indefatigable  traveller 
survey  and  map.  In  none  of  them  could  he  discover  any  marine 
remains,  whether  adhering  to  their  flanks  or  entering  into  their  in- 
ternal stracture,  although  strata  of  marine  origin  are  met  with 
nearer  the  sea  at  lower  levels.  Dr.  Jnnghuhn  ascribes  the  origin  of 
each  volcano  to  a  succession  of  subaerial  eruptions  from  one  or  more 
central  vents,  whence  scoriiE^  pumice,  and  fragments  of  rock  were 
thrown  out,  and  whence  have  flowed  streams  of  trachytic  or  basoltiA 
lavL  Such  overflowings  have  been  witnessed  in  modem  times  from 
the  highest  snmmits  of  several  of  the  peaks.  The  external  slope  of 
each  cone  is  generally  greatest  near  its  apex,  where  the  volcanio 
strata  have  also  the  steepest  dip,  sometimes  attuning  angles  of  2(^ 
3(^  and  35  degrees,  but  becoming  less  and  less  inclined  as  tbey  recede 
fWim  the  summit,  until,  near  their  base,  the  dip  is  reduced  to  10  and 
often  4  or  5  degrees.*  The  interference  of  the  lavas  of  adjoining 
TolcanoB  sometimes  produces  elevated  pUtforma,  or  "saddles,"  in 
which  the  layers  of  rock  may  be  very  slightly  inclined.  At  the  top 
of  many  of  the  loftiest  mountains  the  active  cone  and  crater  are 
of  small  size,  and  surrounded  by  a  plain  of  ashes  and  sand,  this 
plain  being  encircled  in  its  turn  by  what  Dr.  Junghnlm  calls  "the 
old  crater-wall,"  which  is  often  1000  feet  and  more  in  vertical  height. 
There  is  sometimes  a  terrace  of  intermediate  height  (as  in  the  moim- 
tain  called  Tengger),  comparable  to  the  "black  ledge"  of  Eitanea 
(fig.  694.).  Most  of  the  spaces  thus  bounded  by  semicircular  or  more 
than  semicircular  ranges  of  cliffs  are  vastly  superior  in  dimenuons  to 
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tile  area  of  a,nj  known  crater  or  hollow  which  has  been  observed  in 
any  part  of  the  world  to  be  occupied  by  a  lake  of  liquid  lava.  Ai 
the  Spaniards  have  given  to  such  large  cavities  the  name  of  Calden 
(or  cauldron),  it  may  be  useful  to  use  this  term  in  a  technical  sens^ 
whatever  views  we  may  entertain  as  to  their  origin.  Many  of  them 
in  Java  are  no  less  than  four  geographical  miles  in  diameter,  and  they 
are  attributed  by  Junghuhn  to  the  truncation  by  explosion  and  sub- 
sidence of  ancient  cones  of  eruption.  Unfortunately,  although  several 
lofty  cones  have  lost  a  portion  of  their  height  within  the  memory  ol 
man,  neither  the  inhabitants  of  Java  nor  their  Dutch  rulers  have 
transmitted  to  us  any  reliable  accounts  of  the  order  of  events  which 
occurred.* 

Dr.  Junghuhn  believes  that  Papandayang  lost  some  portion  of  it* 
summit  in  1772  ;  but  affirms  that  most  of  the  towns  on  its  sides  said 
to  have  been  engnlphed  were  in  reality  overflowed  by  lav^ 

From  the  highest  parts  of  many  Javanese  caldera»  rivers  flow, 
-which  in  the  course  of  ages  have  cut  out  deep  valleys  in  the  moon- 
tain's  side.  As  a  general  rule,  the  outer  slopes  of  each  cone  ire 
furrowed  by  straight  and  narrow  ravines  &om  200  to  600  feet  deep, 
radiating  in  all  directions  from  the  top,  and  increasing  in  number  as 
we  descend  to  lower  xones.  The  ridges  or  "  ribs,"  intervening  be- 
tween these  furrows,  are  very  conspicuous,  and  compared  to  the 
spokes  of  an  umbrella.  In  a  mountain  above  10,000  feet  high,  no 
furrows  or  intervening  ribs  are  met  with  in  the  upper  300  or  400 
feet  At  the  height  of  10,000  feet  there  may  be  no  more  thaa  10  in 
number,  whereas  500  feet  lower  32  of  them  may  be  counted.  They 
are  all  ascribed  to  the  action  of  running  water ;  and  if  they  ever  cut 
through  the  rim  of  a  caldera,  it  b  only  because  the  cone  has  beea 
truncated  so  low  down  as  to  cause  the  summit  to  intersect  a  middle 
region,  where  the  torrents  once  exerted  sufficient  power  to  cause  a 
series  of  such  indentations.  It  appears  from  such  facts,  that,  if  a  cone 
escapes  destruction  by  explosion  or  engulphment,  it  may  remain  nn- 
injured  io  its  upper  portion,  while  there  is  time  for  the  excavatMo 
of  deep  ravines  by  lateral  torrents. 

It  is  remarked  by  Dr.  Junghohn,  as  also  by  Mr.  Daaa  in  r^;srd  to 
the  Pacific  Islands,  that  volcanic  mountuns,  however  lai^  and 
however  much  exposed  to  heavy  falls  of  rain,  support  no  rirera  so 
long  as  they  are  in  the  process  of  growth,  or  while  the  highest 
crater  emits  from  time  to  time  showers  of  scorin  and  floods  of  lava. 
Such  ejectamenta  and  such  currents  of  melted  rock  fill  up  e«ch 
Buperflcial  inequality  or  depression  where  water  might  othenriss 
collect,  and  are  moreover  so  porous  that  no  rill  of  water,  bowaTer 
small,  can  be  generated.  But  where  the  subterraneaD  fires  have  bees 
long  since  spent,  or  are  nearly  exhausted,  and  where  the  superficial 
scoria  and  lavas  decompose  and  become  covered  with  clayey  soils^ 
the  erosive  action  of  water  begins  to  operate  with  a  prodigioos 
force,  proportionate  to  the  steepness  of  the  declivities  and  lbs  in- 

*  See  Principles  of  GfoL,  9tli  «<Iit.  p.  49& 

i.,|.,  II,  L.OOgIc 


Cb.  XXIS.J 


CANARY    ISLANDS. 


621 


coherent  nature  of  the  sand  and  uhes.  Even  the  more  solid  lavas 
are  occasionally  csvemous,  and  almost  always  alternate  with  scoria 
and  perishable  tafis,  bo  as  to  be  readily  undermined,  and  most  of 
.them  are  speedily  redaced  to  fragments  of  a  transportable  size  be- 
cause  they  are  divided  by  vertical  joints  or  split  into  columns. 

Canary  Islandi — Palma.  —  Ihave  enlarged  so  fully  in  the  "Prin- 
ciples of  Geology"  on  the  different  views  entertained  by  eminent 
Authorities  respecting  the  origin  of  volcanic  conea,  and  the  laws 
governing  the  flow  of  lava,  and  its  consolidation,  that,  in  order  not 
to  repeat  here  what  I  have  elsewhere  published,  I  sbaU  confine 
myself  in  the  remainder  of  this  chapter  to  the  description  of  facts 
observed  by  me  during  an  exploration  of  Madeira  and  some  of  the 
Canary  Islands  in  1S33-^.  In  these  excursions,  made  in  the  winter 
of  1953-4,  I  was  accompanied  by  an  active  fellow -labourer,  M, 
Hartung,  of  Konigsberg.*  We  visited,  among  other  places,  the 
beautiful  island  of  Falma,  a  spot  rendered  classical  by  the  descrip- 
tion given  of  it  in  1825  by  the  late  Leopold  Von  Buch,  who  regarded 
it  as  a  type  of  what  he  called  a  "  crater  of  elevation." 
Falma  is  46  geographical  miles  west  of  Tenerifie.  Seen  &om  the 
t^_ae_  channel  which  divides  the  two 

islands,  Palma  appears  to  consist 
of  two  principal  mountain  masses, 
the  depression  between  them 
being  at  the  pass  of  Tacanda, 
or  at  a  (map,  fig.  695.),  which 
is  aboDt  4600  feet  above  the 
sea-level.  The  most  northern  of 
these  masses  makes,  notwith- 
standing certain  irregularities 
hereafter  to  be  mentioned,  a  con- 
nderable  approach  in  general 
form  to  a  great  tmncat«d  cone, 
having  in  the  centre  a  huge  and 
deep  cavity  called  by  the  inha- 
bitanta  "  I^  Caldera."  This  ca- 
vity (b,  e,d,e,  fig.  695.)  is  from 
3  to  4  ireoBraphical  miles  in  dia- 
■^      ^^  meter,  and  the  range  of  preci- 

pices Burrounding  it  vary  &om  abont  1500  to  2500  feet  in  vertical 
height  From  their  base  a  steep  slope,  clothed  by  a  splendid  forest 
of  pines,  descends  for  a  thousand  and  sometimes  two  thousand  feet 
lower,  the  centre  of  the  Caldera  being  about  2000  feet  above  the  sea. 
The  northern  half  of  the  encircling  ridge  is  more  than  7000  English 
feet  above  the  sea  in  its  highest  peaks,  and  is  annually  while  with 
snow  dnring'the  winter  months. 

Externally  the  flanks  of  this  truncated  cone  incline  outwarda  in 
every  direction,  the  slopes  bang  steepest  near  the  crest,  and  lessening 

*  Sm  EUrtang,  Geolog;  ot  Madeira  and  Porto  Suto.   Lcipsig,  18B4, 
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ms  thej  ftpproAcb  the  lower  coanbr.  A  gn»t  Bmmber  of  imTinn 
commence  on  the  flknka  of  tbe  moantain,  &  short  distance  beknr  the 
Bununit,  Bhmllow  at  firet,  but  getting  deeper  aa  tbej  deaceod,  and 
becoming  at  tbe  same  time  more  uumeroas,  aa  in  tbe  eodeacfJan 
before  menrioned. 

So  nnbrolcen  is  the  precipitous  bonndarj-wall  of  the  Calden, 
except  at  its  sonth-weBteni  end,  where  the  torrent  which  drains  it 
through  a  deep  gorge  {b,  b',  fig.  696.)  issues,  that  there  is  ooteTen  i 
footpath  \>j  which  one  can  descend  into  it  Bare  at  one  place  called 
the  Cumbrecilo  (r,  map,  fig.  695.  pt  621.}.  This  Combrecito  i^  i 
narrow  col  or  watershed  at  the  height  of  about  2000  feet  above  lh« 
bottom  of  the  Caldera,  and  4000  above  the  sea,  and  situated  at  the 
precise  limit  of  two  geolt^cal  formations  presently  to  be  mentioiKd. 
Thig  col  ako  occurs  at  the  level  where,  in  other  parts  of  the  Calder*, 
the  vertical  precipices  join  the  talus-like,  rockj  slope,  covered  wiih 
pines.     The  other  or  principal  entrance  by  which  the  Calden  ii 
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druned  is  the  great  ravine  or  barranco,  as  it  is  called  (see  b,  h',  lig. 
696.),  which  extends  from  the  sonth-westem  eitremity  of  the  Cal- 
dera  to  tlie  sea,  a  distance  of  4^  geographical  miles,  io  wliich  space 
the  water  of  the  torrent  tails  about  1500  feet. 


•ainl  cnlljr  or  Ohbn.    Fran 

This  sketch  waa  taken  by  Von  Buch  from  a  point  at  sea  not 
visited  by  ns,  but  we  saw  enough  to  convince  us  that  several  lateral 
cones  ought  to  have  been  introduced  on  the  great  slope  to  the  left, 
besides  numerous  deep  furrows  radiating  from  near  the  sammit  to  the 
sea  (see  the  map,  flg.  696.).  The  sea  does  not  enter  the  great 
Barranco,  as  might  t)e  inferred  from  this  sketch. 

The  annexed  section  (fig.  69S.)  passes  through  the  island  from 
Santa  Cruz  de  Palma  to  Briera  Point,  or  from  south-east  to  north- 
west (see  map,  p.  621.).  It  has  been  drown  up  on  a  true  scale 
of  heights  and  horizontal  distances  from  the  observations  of 
Mr.  Uartang  and  mj  own. 


The  laraa  are  seen  to  be  slightly  inclined  near  the  sea  at  Santa 
Cruz,  where  we  observed  them  flowing  round  the  cone  of  San  Fedro^ 
which  they  have  more  than  half  buried  without  entering  the  crater. 
On  starting  from  the  same  part  of  the  sea-coast,  and  ascending  the 
deep  Barranco  de  la  Madera,  we  saw  just  below  c  the  basaltic  lavas 
dipping  at  an  angle  of  5  degrees,  there  being  no  dikes  in  that  region. 
Farther  up,  whore  the  dikes  were  still  scarce,  the  dip  of  the  beds 
increases  to  10  and  15  degrees,  and  they  become  still  steeper  as  they 
approach  the  Caldera  at  b,  where  dikes  abound. 
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The  section  (fig.  699.)  is  at  right  angles  to  the  preceding,  and  cut« 
throngli  the  cone  in  the  direction  of  tlie  great  Barranco,  or  from 
north-east  to  eonth-west. 

The  lowest  of  the  two  slanting  lines,  m,  t,  descending  from  the 
Caldera  to  the  sea  along  the  bottom  of  the  Barrsnco,  represents  the 
present  bed  of  the  torrent;  the  npper  line,  k,  I,  the  height  st  which 
beds  of  gravel,  elerated  high  «boye  the  present  river-channel,  are 
visible  in  detached  patches,  shown  b^  dotted  spaces  at  h,  and  to  the 
south-west  of  it,  on. the  same  slope.  These,  and  the  continoons 
stratified  gravel  and  conglomerate  lower  down  at  I  and  ^  are  newer 
than  all  the  volcanic  rocks  seen  in  this  sec^on. 

The  apper  volcanic  formation,  to  be  described  in  the  sequel,  is 
traversed  by  numerous  dikes,  which  could  not  be  expressed  on  this 
small  scale.  The  vertical  lines  in  the  lower  formation  represent  a 
few  of  the  perpendicular  dikes  which  abound  there.  Countless 
others,  inclined  and  tortuous,  are  found  penetrating  the  same  rocks. 
The  five  outliers  of  somewhat  pyramidal  shape,  at  the  bottom  of  the 
Caldera  (on  each  side  of  m),  agree  in  structure  and  composition  with 
the  upper  formation,  and  may  have  subsided  into  their  present 
position,  if  the  Caldera  was  caused  bj  engulphment,  or  maj  have  slid 
down  in  the  form  of  land-slips,  if  the  cavitj  be  attributed  chieflj  to 
aqueous  erosion. 

In  the  description  above  given  of  the  section  (fig.  699.),  the  di^ 
which  wall  is  the  Caldera  are  spoken  of  as  consisting  of  two  forma- 
tions. Of  these  the  uppermost  alone  gives  rise  to  vertical  precipices, 
from  the  base  of  which  the  lower  descends  in  steep  slopes,  which, 
although  the^  have  the  external  aspect  of  taluses,  are  not  in  fact 
made  up  of  broken  materials,  or  of  mins  detached  from  the  higher 
rocks,  but  consist  of  rocks  in  place.  Both  formations  ore  of  volcanic 
origin,  but  thej  difier  in  composition  and  structure.  In  the  upper, 
the  beds  consist  of  agglomerate  scoriie,  lapilli,  and  lava,  chiefly 
basaltic,  the  whole' dipping  outwards,  as  if  from  the  axis  of  the 
original  cone,  at  angles  varying  from  10  to  28  degrees.  The  solid 
lavas  do  not  constitute  more  than  a  fourth  of  the  entire  mass, 
and  are  divided  into  beds  of  very  variable  thickness,  some  scorioceous 
and  vesicular,  others  more  compact^  and  even  in  some  cases  rudely 
columnar.  All  these  more  stony  masses  are  seen  to  thin  out  and 
come  to  an  end  wherever  they  can  be  traced  horizontally  for  a 
distance  of  half  or  a  quarter  of  a  mile,  and  usually  sooner.  Coarse 
breccias  or  agglomerates  predominate  in  the  lower  part,  as  if  the 
commencement  of  the  second  series  of  rocks  marked  an  era  of  vio- 
lent gaseous  explosions.  Single  beds  of  this  a;;gregate  of  angular 
stones  and  scorite  attain  a  thickness  of  from  200  to  300  feet  They 
are  united  together  by  a  paste  of  volcanic  dust  or  spongiform  scorie. 

At  one  point  on  the  right  side  of  the  great  Barranco,  near  its 
exit  from  the  Caldera,  we  observed  in  the  boundary  precipice  a  lofty 
column  of  amorphous  and  scorioceous  rock  in  which  the  red  or  rust- 
coloured  scorin  are  as  twisted  and  ropy  as  any  to  be  seen  on  the 
slopes  of  TesnviuB  ;  seeming  to  imply  that  there  was  here  an  ancient 
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Tent  or  clmnel  of  discharge  Bnbsequentl^  bnried  under  the  prodneta 
of  newer  eniptions.  Conntlesa  dikes,  more  or  lest  vertical,  coBsirting 
chiefly  of  basaltic  lara,  traverse  the  walla  of  the  Caldera,  wMoe  of 
them  terminating  upwards,  bat  a  great  number  reaching  the  very 
crest  of  the  ridge,  and  therefore  having  been  posterior  in  Migin  to 
the  whole  precipice. 

We  could  not  discover  in  asj  one  of  Ote  fallen  masses  of  agglo- 
merate which  strewed  the  base  of  the  ctifis  a  single  pebble  or 
waterwom  fragment  Each  imbedded  stone  is  either  angular  or, 
if  globular,  consists  of  scorise  more  or  less  spongy,  and  evidenttj  not 
owing  its  shape  to  attrition.  It  would  be  impossible  to  account  for 
the  absence  of  waterwom  pebbles  if  the  coarse  breccia  in  question 
had  been  spread  by  aqueons  agency  over  a  horiiontal  area  co- 
extensive with  the  Caldera  and  the  volcanic  rocks  which  surrotuid 
it  The  only  cause  known  to  us  capable  of  dispersing  Buch  heavj 
fragments,  some  of  them  3, 4,  or  6  feet  in  diameter,  without  blnntiag 
thejr  edges,  is  the  power  of  stean),  unless  indeed  we  oonld  suppoM 
that  ice  had  co-operated  with  water  in  motion  j  and  the  intervene* 
of  ice  cannot  be  suspected  in  this  latitude  (28°  40^  especially  as  I 
looked  in  vain  for  signs  of  glacial  action  here  and  in  the  o^mt 
mountainous  regions  of  tiie  Canaiy  Islands. 

The  lower  formation  of  the  Caldera  is,  as  before  stated,  equally  of 
igneous  origin.  It  diSeni  in  its  prevailing  colour  &om  the  upper, 
ezhibilang  a  tea-green  wid  in  parts  a  light  yellow  tint,  instead  of 
the  usual  brown,  lead-ooloared,  or  reddish  hnee  of  basalt  and  ito 
associated  scoriee.  Beds  of  a  light  greenish  tuff  are  cMumoo, 
together  with  trachytio  and  greenstone  rocks,  the  whcde  so  reti- 
culated by  dikes,  some  vertical,  others  oblique,  others  tortuous,  that 
we  found  it  impossible  to  determine  die  general  dip  of  the  beds, 
although  at  the  head  of  the  great  gorge  or  Barranco  they  certaialy 
dip  outwards,  or  to  the  south,  as  stated  by  Yon  Buch.  But  i* 
foUowing  the  section  down  the  same  ravine^  where  the  mounlaia 
called  Alejanado(i^flgi.  pp.  62I.and^4.)is  cut  through,  andvrtien 
the  rocks  of  the  lower  formation  are  very  crystalline,  we  foood  what 
is  not  alluded  to  by  the  Prusdan  getdogist,  that  the  beds  exposed 
to  view  in  cliffi  1500  feet  high  have  an  anticlinal  arrangement, 
exhibiting  first  a  southerly  and  then  a  northerly  dip  at  aisles 
varying  &om  20  to  40  degrees  (see  section,  fig.  699.  at  A.),  ^oee  we 
may  presume  that  the  older  strata  must  have  undergone  great 
movements  before  the  upper  formation  was  Buperimpoaed  Ko 
organic  remains  having  been  discovered  in  the  <dder  series  we 
cannot  positively  decide  whether  it  was  of  snbaerial  or  snbnariae 
origin.  We  can  only  affirm  that  it  has  been  produced  by  •ueeeaaiT* 
eruptions,  chiefly  of  felspathic  lavas  and  tufb  Many  beds  vrbich 
probably  consisted  at  first  of  soft  tufis  have  been  much  hardeoed  by 
the  Gtmtact  of  dikes  and  apparently  much  altered  by  other  phitaak 
influences,  so  that  they  have  acquired  a  semicryst^line  and  ■inn'frt 
metamorphic  character. 

The  existence  of  so  great  a  mass  of  vtdcanie  rooks  rfanriaat  data 
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on  die  exkct  site  of  va  eqnallj  vaat  accumalition  of  compftrativelj 
modsm  Iavm  And  Bcorira  is  pecaliarl;  worthj  of  notice  aa  a  general' 
phtnomenos  observed  in  very  different  parts  of  the  globe.  It  proree 
that,  notwithitandiog  the  &ct  in  the  paet  hiatorj  of  volcanoi  that 
one  region  after  another  has  been  for  ages  and  has  then  ceased  to  be 
the  chief  theatre  of  igneous  action,  still  the  activity  of  subterranean 
heat  may  often  be  persistent  for  more  IhHi  one  geological  period  in 
the  same  place,  relaxing  perhaps  its  energies  for  a  while,  bat  then 
breaking  oat  afVesh  with  an  intensitj  as  great  as  ever. 

We  have  still  to  consider  the  mode  of  origin  of  the  higher  Tolcanie 
Buui^  or  the  upper  series  of  rocks  with  which  the  peculiar  form  of 
the  Caldera  is  more  intimatelj  conneoted.  Hie  principal  question 
here  arising  is  this,  whether  the  mass  was  dome-shaped  from  the  be- 
ginning,  having  grown  by  the  snperposititm  (^  one  conical  envelope 
of  lava  and  ashes  formed  over  another,  or  whether,  aa  Von  Bnch 
and  his  followers  imi^ine,  its  component  materials  were  first  spread 
out  in  horizontal  or  nearly  horizontal  deposits  and  then  upheaved  at 
once  into  a  dome-shaped  mountain  with  a  caldera  in  its  centre. 
According  to  the  first  hypothesis  the  cone  was  built  up  gradually, 
and  completed  with  all  its  beds  dipping  as  now,  and  traversed  by  all 
its  dikei^  before  the  Caldera  originated.  According  to  the  other, 
the  Caldera  was  the  result  of  the  same  movements  which  gave  a 
dome-shaped  structare  to  the  mass,  and  which  caused  the  beds  to  be 
highly  inclined ;  in  other  word^  the  cone  and  the  Caldera  were 
produced  simultaneously.  So  singularly  opposite  are  these  views 
that  the  principal  agency  introduced  hy  the  one  theory  is  upheaval, 
by  the  other  the  fall  of  matter  from  the  air.  The  very  name  of 
"Elevation  Craters"  points  to  the  kind  of  mov«nent  to  which  one 
school  attributes  the  origin  of  a  cone  and  caldwa ;  whereas  the  chief 
agencies  appealed  to  by  the  other  are  gaseoas  explosions,  engulph- 
raent,  and  aqueous  denudation. 

The  favourable  reception  of  the  doctrine  of  upheaval  has  arisen 
from  the  following  circumstances.  Streams  of  lava,  it  is  sud, 
which  run  down  a  declivity  of  more  than  three  degrees  are  never 
atony ;  and,  if  the  slope  exceed  five  or  six  degrees,  they  are  mere 
shallow  and  narrow  strings  of  vesicular  or  fragmentary  slag. 
Whraiever,  therefore,  we  find  parallel  layers  of  stony  lava,  especially 
if  they  be  of  some  thickness,  high  op  in  the  walls  of  a  caldera,  we 
may  be  sure  that  Aey  wen  soUdified  (oiginally  on  a  very  gentle 
slope;  and  if  they  are  now  indined  at  angles  of  10°,  30°,  or  30", 
not  only  they,  but  aU  the  interstratified  beds  of  lapilli,  scori^  tn£( 
and  agglomerate,  must  have  been  at  first  nearly  flat  and  muat  have 
been  afterwards  lifted  op  with  the  solid  beds  into  their  i^esent 
poaitiou.  It  is  supposed  that  such  a  derangement  of  the  strata  could 
scarcely  foil  to  give  rise  to  a  wide  opening  near  the  centre  of 
npheavsl,  and  in  the  case  of  Falma,  the  Caldera  (which  Ton  fiuch 
called  "  the  hollow  axis  of  the  cone ")  may  represent  this  breach 
of  coottnnity. 

Auumg    other    olgections   to  the  elevation-crater  theory  often 
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advanced  and  never  yet  ansnered  are  the  foIlowiDg;— Fint,  in 
most  calderas,  as  in  Palma,  the  rim  of  the  great  cavitr  ^"^  ^ 
circular  r&nge  of  precipices  anrrounding  it  remain  entire  iM 
anbroken  on  three  sides,  irhereas  it  is  difficult  to  conceive  tUt 
series  of  volcanic  strata  2000  or  3000  feet  thick  could  hsn  oixe 
extended  over  an  sres  six  or  seven  miles  in  its  shortest  diuneter 
and  then  have  been  npraised  bodily,  so  that  the  beds  should  dip  >t 
steep  angles  towards  all  points  of  the  compass  from  a  centra,  ud 
yet  that  no  great  fractures  should  have  been  produced.  We  should 
expect  to  see  some  open  fissures  on  every  side,  widening  u  ihej 
approach  the  caldera.  The  dikes,  it  is  true,  do  undonbtedtj  iXaa 
many  dislocationB  of  the  mass,  which  have  taken  place  at  sDcceann 
and  often  distant  periods.  But  none  of  them  con  have  belonged  U 
the  supposed  period  of  terminal  and  paroxysmal  upheaval,  for,  W 
the  caldera  existed  when  they  originated,  the  melted  motUr  no* 
solidified  in  each  dike  must,  instead  of  filling  a  rent^  have  iawti 
down  into  the  caldera,  tending  so  far  to  obliterate  the  great  eaviCf- 

The  second  objection  is  the  impoBsibilitj  of  imagining  that  sonH 
a  series  of  agglomerates,  tnfis,  stratified  lapilli,  and  highly  scni** 
ceous  lavas  could  have  been  poured  out  within  a  limited  arotwidkoni 
soon  giving  rise  to  a  hill,  and  eventually  t«  a  lofty  mountain.  Sock 
heavy  angular  fragments  as  are  seen  in  the  agglomerate^  dngle  bedi 
of  which  are  sometimes  200  or  300  f^  thick,  mnet  when  burM 
into  the  air  have  fallen  down  again  near  the  ven^  and  wonU  ^ 
arranged  in  inclined  layers  dipping  outwards  from  the  central  «w 
of  eruption.  It  is  in  perfect  accordance  with  this  bypolhemsthit«< 
should  behold  agglomerates,  lapilli,  and  scoris  predominating  in  tht 
walls  of  the  Caldera ;  whereas  in  the  ravines  nearer  the  sea,  ffi^* 
the  incUnatian  of  Ute  beds  has  diminished  to  10  and  even  tn  i 
degrees,  the  proportion  of  stony  as  compared  to  frogmentoiy  m* 
teriols  is  precisely  reversed.  It  is  also  natural  that  the  dikes  sbouK 
be  most  numerous  where  the  ejectamenta  are  to  the  more  solid  bed) 
in  the  proportion  of  3  to  1,  as  at  b,  fig.  698.  p.  623. ;  while  the  dito 
are  few  in  number  where  the  stony  lavas  predominate  (as  at  e,  ibid-l 
Many  of  the  scoriaceous  beds  at  b  may  be  the  upper  extremitia» 
currents  which  became  stony  and  compact  when  they  reached  f, 
and  flowed  over  a  more  level  country ;  but  this  stigg^tion  cinncA 
be  assented  to  1^  the  advocates  of  the  upheaval  theory,  for  it  aa«uii« 
the  existence  of  a  cone  long  before  the  time  hod  arrived  for  ibc 
catasbophe  which  according  to  their  views  gave  rise  to  a  eoiat^ 
mountain. 

I^  however,  we  reject  the  doctrine  that  the  beds  were  tilted  t?* 
movement  posterior  to  the  accumulation  of  all  the  cinnpact  and  fnf 
mentory  rocks,  how  are  we  to  account  for  the  steepness  of  the  dip  oi 
some  stony  lavas  high  up  in  the  walls  of  the  Caldera?  These  ina»«' 
are  occasionally  50  or  100  feet  thick,  of  lenticular  shape,  as  seen  in 
the  cliffs  from  below,  and  to  all  appearance  parallel  to  the  associtUd 
layers  of  scorise  and  lapiUi.  But  unfortunately  no  one  Can  cUinh  op 
and  determine  how  &r  the  supposed  parallelism  may  be  decepliA 
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T1k«  solid  beds  extand  in  general  over  email  horizontal  apaceg,  and 
some  of  them  may  possibly  be  no  other  than  intrusive  lavou,  in  the 
nature  of  dikes,  more  or  less  parallel  to  the  layers  of  ejectamenta. 
Such  lavaa,  when  the  crater  was  full,  may  have  forced  their  way 
between  highly  inclined  beds  of.scoriiB  and  IspillL  We  know  that 
lava  often  breaks  out  from  tbe  side  or  base  of  a  cone,  instead  of 
rising  to  the  rim  of  the  crater.  Nevertheless  one  or  two  of  the  stony 
masses  alluded  to  seemed  to  me  to  resemble  lavas  which  hod  flawed 
out  superficially.  They  may  have  solidified  on  a  broad  ledge  formed 
by  the  rim  of  a  crater.  Sudt  a  rim  might  be  of  considerable  breadth 
after  a  partial  truncation  of  the  cone.  And  some  lavas  may  now 
and  then  have  entirely  filled  np  the  atrium,  or  what  in  tbe  case  of 
Somma  and  Vesuvius  is  called  the  airio  del  eavalto,  that  is  to  say, 
the  interspace  between  the  old  and  new  cone.  When  by  the  products 
of  new  eruptions  a  uniform  slope  has  been  restored,  and  the  two  cones 
have  blended  into  one  (see  e,d,e,  fig.,  p.  638.),  the  next  breaking  down 
of  the  side  of  the  mountain  may  display  a  mass  of  compact  rock  of 
great  thickness  in  the  walls  of  a  caldera,  resting  upon  and  covered 
by  ^ectamenta.  Other  extensive  wedges  of  solid  lava  will  be 
formed  on  the  flanks  of  every  volcanic  mountain  by  the  intenfia«nce 
of  lateral,  or,  as  they  are  often  termed,  parasitic  cones,  which  check 
or  stop  the  downward  flow  of  lava,  and  occasionally  offer  deep  craters 
into  which  the  melted  matter  is  poured. 

By  ud  of  one  or  all  the  processes  above  enumerated  we  may 
certainly  explun  a  few  exceptional  cases  of  intercalated  stony  I>ed% 
in  the  midst  of  others  of  a  loose  and  scoriaceons  nature,  the  whole 
being  highly  inclined.  But  to  account  for  a  succession  of  compact 
and  truly  parallel  lavas  having  a  steep  dip,  we  may  suppose  that 
they  flowed  originally  down  the  flanks  of  a  cone  sloping  at  angles 
of  fh>m  10  to  15  degrees,  or  even  much  more,  as  in  many  active 
volcanofl.  They  may  also  have  acquired  subsequently  a  still  steeper 
inclination,  for  it  would  be  rash  to  assume  the  entire  absence  of 
local  disturbances  during  the  growth  of  a  volcanic  mountain.  Some 
dikes  are  seen  crossing  others  of  a  different  composition,  marking  a 
distinctnesi  in  the  periods  of  their  origin.  The  volume  of  rock 
filling  such  a  multitude  of  fissures  as  we  see  indicated  by  tlie  dikes 
in  Palma  must  be  enormous;  so  that,  could  it  be  withdrawn,  tbe 
mass  of  ejectamenta  would  collapse  and  lose  both  in  height  and 
bulk.  Tbe  injection,  therefore,  of  all  this  matter  in  a  liquid  state 
must  have  been  attended  by  the  gradual  distension  of  the  cone,  the 
increase  of  which  I  have  elsewhere  compared  both  to  the  exogenous 
and  endogenous  growth  of  a  tree,  as  it  has  been  affected  alike  by 
external  and  internal  accessions. 

But  the  acquisition  of  a  steeper  dip  by  such  reiterated  rendings 
and  injections  of  a  cone  is  ^together  opposed  to  the  views  of 
those  who  defend  the  upheaval  hypotbeeis,  because  it  draws  with  it 
the  twnclusion  that  the  slopes  were  always  growing  steeper  and  steeper 
in  proportion  as  the  cone  waxed  older  and  loftier.  Once  admit  this, 
juid  it  follows,  that  the  upper  layers  of  solid  lava  must  have  con- 
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formed  to  snrfacea  already  inclined  at  angles  of  20,  or,  in  the  cue  of 
tlie  Cald6ra  of  Palma,  28  degrees. 

For  this  reaeon  the  defenders  of  the  apheaval  hypotheiis  are  c«n- 
aiatent  with  themselvea  in  aseigning  the  whole  moTement  by  which 
^e  strata,  whether  solid  or  incoherent,  have  been  tilted,  eiclaiinl; 
to  one  terminal  catastrophe.  The  whole  development  of  sabter- 
ranean  force  ia  represented  as  the  laat  incident  in  everj  series  cf 
volcanic  operations,  the  closing  scene  of  the  drama  ;  and  the  eudden 
and  paroxysmal  nature  of  the  cataatrophe  ia  inferred  from  the 
absence  of  all  signs  of  Bncceasive  and  intermittent  action  so  cha- 
racteristic of  [be  antecedent  volcanic  phenomena. 

I  have  alluded  to  an  opinion  entertained  by  some  able  geologist^ 
that  no  lava  can  acquire  any  degree  of  solidity  if  it  flowa  down  > 
declivity  of  more  than  three  degrees.  Thia  doctrine  I  have,  I 
think,  proved  in  my  memoir  on  Mount  Etna*  to  be  entirely  erro- 
neoua.  I  have  there  shown,  from  obaervationa  made  by  me  in  ISfT, 
that  modern  lavas,  several  of  them  of  known  date,  have  formed  cod- 
tinuoua  beds  of  compact  atone  on  slopes  of  15,  36,  and  38  degrees 
and,  in  the  caae  of  the  lava  of  1852,  more  than  40  degrees.  The 
thickness  of  these  tabular  layers  varies  from  I^  foot  to  26  feet;  ud 
their  planes  of  stratification  are  parallel  to  those  of  the  overljing 
and  underlying  scoria  which  form  part  of  the  same  currents. 

There  are  some  lavas  north-east  of  FueDcalient«,  at  the  Boathen 
extremity  of  Falmo,  so  modern  as  to  be  still  black  and  uucoverc<l 
with  vegetation,  which  descend  slopes  of  no  less  than  22  degrees,  ud 
yet  contain  large  masses  of  compact  stone,  formed  chiefly  on  the  site 
of  tunnel-shaped  cavities,  IS  or  20  feet  deep,  in  which  oDe  layer  hu 
solidified  within  another  on  the  walls  of  these  channels,  while  ia  iht 
central  part  the  lava  seems  to  have  remained  fluid  so  as  to  nn 
out  of  the  tunnel,  leaving  an  arched  cavity,  the  roof  of  which  hu  ia 
most  cases  fallen  in.  The  strength  of  the  enveloping  crust  of  scoriv 
at  the  lower  end  of  a  lava^current  in  which  one  of  these  tunub 
existed  may  have  been  sufficient  to  arrest  the  progreoa  of  the  atrean 
for  hours  or  days,  and  during  that  time  aolidification  may  h>*< 
occurred  under  great  hydrostatic  pressure. 

Before  taking  leave  of  Palma,  we  have  yet  to  consider  anoths 
distinct  point,  namely,  what  amount  of  denudatioQ  has  taken  plsM 
in  the  Caldera  and  its  eovirons.  Assuming  that  the  great  cavitjor 
some  part  of  it  may  have  originated  in  the  truncation  of  a  OHie  u 
the  manner  before  suggested,  to  whatextent  has  its  shape  ben  sub- 
sequently enlarged  or  modified  by  aqueous  erosion?  It  will  be 
remembered  that  a  conglomerate  of  well-rounded  pebbles,  no  '«*' 
than  800  feet  thick,  was  spoken  of  as  visible  in  th«  great  Barraneo 
(see  description  of  section,  pp.  624,  625.).  That  conapicaous  depcsit. 
8  or  4  miles  in  length,  was  evidently  derived  from  the  dettmctxA 
of  rocks  like  those  in  the  Caldera,  for  the  present  torrvnt  bringi 
down  annually  similar  stones  of  every  ai/e.  some  very  large,  sod 
roands  them  by  attrition  in  its  channel.  By  what  changes  in  ihs 
•  FhlL  Traiu.,  1BS8. 
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coofignration  of  the  isUnd  kfW  the  old  volcaao  Mid  its  Caldera  were 
formed  woa  so  vast  u  thickness  of  gravel  formed,  to  be  afterwards 
cut  Chrougli  to  a  depth  of  800  feet  ?  The  ravine  through  which 
the  torrent  now  flowe  has  been  excavated  to  that  depth  through  the 
old  conglomerate.  The  occurreoce  of  two  or  three  layers  of  con- 
temporaaeouB  lava,  intercalated  between  the  strata  of  puddJogstone, 
ought  not  to  surprise  ub  ;  for  even  in  historical  times  eruptions  liave 
been  witnessed  in  the  southern  half  of  Palma.  Such  basaltic  lavas, 
one  of  them  columnar  in  structure^  have  not  come  down  from  the 
Caldera,  but  from  cones  much  nearer  the  seat  and  immediately  ad- 
joining the  Barranco,  like  the  cone  of  Argual  (see  map,  p.  622.)  and 
others.  These  lavas,  of  the  eame  age  as  the  conglomerate,  consist 
of  three  or  four  currents  of  limited  extent,  for  in  many  parts  of  the 
river-clifTs  no  volcanic  formation  is  visible  on  either  bank.  On  the 
right  bank  of  the  Barranco,  the  conglomerate,  when  traced  west- 
ward, is  soon  found  to  come  to  an  end  as  it  abuts  against  the  lofty 
precipice  e  (6g.  700.),  which  is  a  prolongation  of  the  western  wall 
of  the  Caldera,  Its  extent  eastward  from  b'  may  be  more  consider- 
able, but  canuot  be  ascertained,  as  it  is  concealed  under  modern 
scorin  and  lava  spread  over  the  great  platform,  f. 
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As  we  could  find  no  organic  remaina  in  the  old  gravel,  we  have  no 
positive  means  of  deciding  whether  it  be  fluviatile  or  marine.  The 
height  of  its  base  above  the  sea,  where  it  is  800  feet  thick,  may  be 
about  350  feet,  but  patches  of  it  aacend  to  elevations  of  JOOO  and 
i  500  feet  near  the  top  of  the  Barranco,  as  shown  at  A,  &c.,  in  aaction, 
fig.  699.  p.  624.  Such  a  mass  of  gravel,  therefore,  bears  testimony 
to  the  removal  of  a  prodigious  amount  of  materials  from  the  Caldera 
by  the  action  of  water.  Wliatever  may  have  been  the  mode  of 
transportation,  it  is  obvious  that  a  large  portion  of  the  voleanic 
materials,  consisting  of  sand,  lapilli,  and  scoriB,  before  described 
(p.  625.)  as  belonging  to  the  upper  formation  in  the  Caldera,  would 
leave  l>ehind  them  few  pebbles.  Nearly  all  of  these  perishable 
deposit*  would  be  swept  down  in  the  shape  of  mud  into  the  Atlantic 
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Even  the  hard  roanded  atones,  since  thej  were  once  angutu  ind 
are  now  groand  .down  into  pebbles,  mnst  have  lost  more  tbin  half 
their  original  bulk,  and  bear  witness  to  large  qnanticiea  of  eedi- 
mentary  matter  consigned  to  the  bed  of  the  ocean.  We  aiw  in  the 
Caldera  blocks  of  huge  siie  thrown  down  b;  cascades  from  the  upper 
precipices  during  the  melting  o£  the  snows,  a  fortnight  before  our 
visit,  and  much  destruction  w&s  likewise  going  on  in  the  loireraetof 
rocks  hj  the  same  agency.  We  also  learnt  that  a  great  flood  rallied 
down  the  Barranco  in  the  spring  of  1S54,  shortly  before  oar  •rriTsl, 
damaging  several  houses  and  farms,  and  I  have  therefore  do  doubt 
that  the  erosive  power  even  of  rain  and  river  water,  aided  by  earth- 
quakes, might  in  the  course  of  ages  empty  out  a  valley  as  large  u  ihe 
Caldera,  although  probably  not  of  the  same  shape.  I  am  disposed  to 
attribnte  the  circular  range  of  cliffs  surrounding  the  Caldera  to  vol- 
canic action,  because  they  forcibly  remiaded  me  of  the  precipices 
encircling  three  sides  of  the  Val  del  Bove,  on  Etna  ;  and  becaofe 
they  agree  eo  well  with  Junghuhn's  description  of  the  "  old  crster- 
walls  "  of  active  volcanos  in  Java,  some  of  which  equal  or  snrpua  iu 
dimensions  even  the  Caldera  of  Palma.  The  latter  may  have  con- 
sisted at  first  of  a  true  crater,  enlarged  afterwards  into  a  uldenbf 
the  partial  destruction  of  a  great  cone  ;  but,  if  eo,  it  has  certuolj 
been  since  modified  by  denudation.  Nor  can  any  geolt^ist  now  de- 
fine how  much  of  the  work  has  been  accomplished  by  aqueous,  ssil 
how  much  by  volcanic  agency.  The  phenomenon  of  a  rivercntting 
its  channel  through  a  dense  mass  of  ancient  alluvium  fonned  dnt^n|; 
oecillations  in  the  level  of  the  land  is  not  confined  to  volcanic  codd- 
tries,  and  I  need  not  dwell  here  on  its  interpretation,  hut  refer  Vi 
what  was  eud  in  the  seventh  chapter.    (See  p.  84.) 

There  remains,  however,  another  question  of  high  theoretic*! 
interest ;  namely,  whether  the  denudation  was  marine  or  flnvisiile. 
It  was  stated  that  the  materials  of  the  great  cone  or  assemblage 
of  cones  in  the  north  of  Palma  are  of  subaerial  origin,  as  proved 
by  the  angularity  of  the  fragments  of  rock  in  the  agglomerates; 
but  it  may  be  asked,  whether,  when  the  Caldera  was  formed  lonf! 
afterwards,  it  may  not^  like  the  crater  of  St.  Paul's  (fig.  "K. 
p.  636.),  have  had  a  communication  with  the  sea,  which  may  hste 
entered  by  the  great  Barranco,  and  if,  after  a  period  of  parti*! 
submergence,  the  island  may  not  then  have  risen  agun  to  its  ori- 
ginal sltiinde.  In  such  a  case  tbe  rearing  waters  mi^t  leave 
behind  them  a  conglomerate,  partly  of  river- pebbles,  collected  at  the 
points  where  the  torrent  successively' entered  the  sea,  and  partly  of 
stones  rounded  by  the  waves.  The  torrent  may  have  SduUj  cot  a 
deep  ravine  in  the  gravel  and  associated  lavas  when  the  land  was 
rising  again.  Such  oscillations  of  level,  amounting  to  more  than 
200O  feel,  would  not  be  deemed  improbable  by  any  geologists,  pro- 
vided they  enable  ns  to  explain  more  naturally  than  by  any  otfarr 
causation,  the  origin  of  the  physical  outlines  of  the  eoantry-  Ai  lo 
tiie  fWct  that  no  marine  shells  have  yet  been  discovered  in  tbe 
conglomerate,  sufficient  search  has  not  yet  beoi  made  for  tbem  (0 
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entitle  ns  to  foQnd  an  argnment  on  anch  negative  evidence.  At  the 
ume  time  I  confess  that,  having  found  Bea-ahells  and  br^ozoa 
abundantly  in  certain  elevated  marine  conglomerates  in  the  Grand 
Canary,  before  I  visited  Falma,  and  being  unable  to  meet  with  any 
in  the  Barranco  de  laa  An;;iistLas,  I  regarded  the  old  gravel  when  I 
was  on  the  spot  aa  of  fluviatile  origin.  Such  inferencea  are  always 
doubtful  in  the  absence  of  more  positive  data,  and  the  intervention 
of  the  sea  might  perhaps  account  for  aome  phenomena  in  the 
configuration  of  the  Caldera  and  Barranco  more  naturatty  than  river 
action.  Forpxaniple,wehave  theloftycliffis.fig.  700.  p. 631.  already 
mentioned,  and  c,f,  map,  p.  621.,  exLending  four  or  five  miles  from 
the  Caldera  to  the  sea  on  the  right  bank  of  the  Barranco,  and  no 
cliffof  corresponding  height  or  structure  on  the  other  bank,  where  for 
miles  towards  the  south-east  there  b  the  platform  f,  fig.  700.  p.  631., 
supporting  several  minor  volcanic  cones.  The  sea  might  be  sup- 
posed to  leave  just  auch  a  cliff  as  b,  after  cutting  away  a  portion  of 
the  aouth'Western  extremity  of  theold  dome-shaped  mountain  in  the 
north  of  Palma,  whereas  a  torrent  or  river  might  be  expected  to 
leave  a  cliffof  similar  structure  and  nearly  equal  height  on  both.  As 
to  the  &ct  of  the  old  conglomerate  ascending  an  inclined  plane, 
i,  /,  A,  p.  624.,  from  the  sea-level  to  an  elevation  of  about  1500  feet, 
near  the  entrance  of  the  Caldera,  this  is  by  no  means  conclusive  in 
favour  of  duviatile  action,  although  some  elevated  patches  of  the 
same  may  in  truth  belong  to  an  old  river-bed ;  but  in  South  America 
gravel-beds  of  marine  origin  have  a  similar  upward  slope,  when 
followed  inland,  and  the  cause  of  such  an  arrangement  has  been 
explained  in  a  aatisfactory  manner  by  Mr.  Darwin.* 

Another  argument  in  favour  of  marina  denudation  may  be  derived 
from  that  peculiar  feature  in  the  configuration  of  Falma,  before 
alluded  to,  called  the  pass  of  the  Cumbrecito  (e,  fig.  6{i9.  p.  624.), 
forming  a  notch  in  the  uppermost  lino  of  precipices  surrounding 
the  Caldera.  This  break  divides  the  moantain  called  Alejenado,  d, 
fig.,  p.  624.,  from  the  eastern  wall,  e  f,  and  cuts  quite  through  the 
upper  formation  ;  yet  the  rauge  of  precipice,  /i  e,  on  the  eastern  side 
of  the  Caldera  is  continued  uninterruptedly,  and  reuins  its  full  height 
of  1500  or  2000  feet  above  its  base,  to  the  southward  of  the  Cum- 
brecito, or  from  e  towards  a,  map,  Sg,  695.,  p.  621.  In  this  prolon- 
gation of  the  cliff  for  half  a  mile  southward,  beds  of  volcanic  matter 
and  dikes  are  seen,  as  in  the  walls  of  the  Caldera. 

The  indentation  forming  tbe  pass  of  the  Cumbrecito,  e,  p.  624.,  haa 
more  the  appearance  of  an  old  channel,  such  as  a  current  of  water 
may  have  excavated,  than  of  a  rent  or  a  chasm  caused  by  a  fault.  In 
case  of  a  fault  the  lower  formation  woald  not  be  persistent  and  unin- 
terrupted across  the  Cumbrecito,  constituting  the  watershed ;  but 
would  have  sunk  down  and  have  been  replaced  by  the  upper  basaltic 
rocks.  If  we  could  assume  that  the  sea  once  entered  the  Caldera 
here  as  well  as  by  the  great  Barranco,  it  might  have  produced  such 

*  Oeolog.  ObicTT.,  SoDth  America,  p.  43. 
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a  breach  u  «,  and  Buch  an  extension  of  the  line  of  cliffi  m  that  now 
observable  between  e  and  a,  map,  p.  621.,  withont  latj  correspoiLdiBg 
cliff  to  the  westward  of  e,  a. 

Yfit  we  could  discover  no  elevated  oatliera  of  conglomerate  to 
attest  the  supposed  orodon  at  the  Cumbrecito,  which  is  about  3500 
feet  above  the  level  of  the  sea.  It  might  also  be  objected  to  the 
hypothesis  of  marine  denudation  in  Palmo,  that  there  are  no  rugu 
of  ancient  eea-difla  on  the  external  slopes  of  the  island.  The  flanks 
of  the  mountain,  except  where  it  is  furrowed  by  ravines  or  broken 
by  lateral  cooes,  descend  to  the  sea  with  a  uniform  inclinatioo.  In 
reply  to  such  a  remark,  I  may  observe  that  we  do  not  require  the 
eubmergeoce  of  the  uppermost  3000  feet  of  the  old  cone  in  order  to 
allow  the  sea  to  enter  both  the  great  Barranco  and  the  CnmtHwita 
and  to  flow  into  the  Caldem.  It  would  be  enough  to  suppose  the  Itnd 
to  sink  down  so  as  to  permit  the  waves  to  wash  the  base  of  the  bualtic 
cliffs  in  the  interior  of  the  Catdera,  and  to  wear  a  passage  through 
the  Cumbrecito  where  there  may  have  been  always  &  considerable 
depression  in  the  outline  of  the  upper  formation.  But  would  not 
the  same  waves  which  had  power  to  form  in  the  Barranco  a  mass  of 
conglomerate  800  feet  thick  have  left  memorials  of  their  beach- 
action  on  the  external  slope  of  the  island  ?  No  such  monomeDte  nt 
to  be  seen,  and  their  absence  raises  an  objection  of  no  small  wei^t 
against  the  supposition  of  the  sea  having  ever  entered  the  Cald«i. 
It  may,  however,  be  said,  in  explanation, — first,  that  cliffs  are  cot 
so  easily  cat  on  the  side  of  an  island  towards  which  the  beds  dip 
as  on  the  side  from  which  they  dip ;  secondly,  if  some  small  difi 
and  sea-beaches  had  existed,  they  may  have  been  subsequeotlj 
buried  under  showers  of  ashes  and  currents  of  lava  proceeding 
from  lateral  cones  during  eraptions  of  the  same  date  as  those  which 
were  certainly  contemporaneous  with  the  conglomerate  of  the  great 
Barranco. 

On  the  eastern  coast  of  Palma,  about  half  a  mile  from  the  stM, 
in  the  ravine  of  Lae  Nieves,  not  far  from  Santa  Cms,  we  obierTed 
a  conglomerate  of  well-ronnded  pebbles  having  a  thickness  of  IIX* 
feet,  covered  by  eucceselve  beds  of  lava,  also  about  100  feet  thick. 
In  this  instance  the  ancient  gravel  beds  occupy  a  position  ver| 
analogous  to  the  burled  cone,  8,  r,  fig.  698.  p.  623.  When  in  Fslms, 
I  conceived  them  to  be  of  flnviatile  origin  ;  but,  whether  marioeor 
freshwater,  it  must  be  admitted  that  the  saperpoeition  of  so  dense 
an  accamulation  of  lavas  to  a  mass  of  conglomerate  100  feet  thick 
shows  how  easily  the  outer  slopes  of  the  island  may  have  be^ 
denuded  by  the  sea  and  yet  display  no  niperflcial  signs  of  narins 
'denudation,  every  old  beach  or  delta  once  at  the  oiouth  of  a  toneat 
being  concealed  under  newer  volcanic  outpoDrings.  At  the  euH 
time  I  should  state  that  M.  Hartnng  and  I,  when  in  Palma,  cane 
to  the  conclusion  that  the  waves  of  the  sea  had  never  reached  the 
Galdera,  althoagh  they  may  have  penetrated  for  some  distance  into 
the  Barranco  de  las  Angustiaa,  and  may  have  overflowed  the  space 
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nofr  OTerspreftd  bj  certain  str&ta  of  conglomerate  to  the  east  of 
the  Bwrranco. 

Since  the  cessation  of  volcanic  action  in  the  north  of  Palma,  the 
moat  frequent  eruptions  appear  to  have  taken  place  in  a  line  running 
north  and  south,  from  a  to  Fuencaliente,  map,  p.  621.;  one  of  tbe 
votcanos  in  this  range,  called  Verigojo,  g,  being  no  less  than  6365 
English  feet  high.  Tbe  lavas  descending  from  several  vents  in  this 
chain  reach  the  sea  both  on  the  east  and  west  coast,  and  are  many 
of  them  nearly  as  naked  and  barren  of  vegetation  as  when  the;  first 
flowed.  Tbe  tendency  in  volcanic  vents  to  assume  a  linear  ar- 
rangement, as  seen  in  the  volcanos  of  the  Andes  and  Java  on  a 
grand  scale,  is  exemplified  by  tbe  cones  and  craters  of  this  small 
range  in  Falma.  It  has  been  conjectured  that  such  linearity  in  the 
direction  of  superficial  outbreaks  is  connected  with  deep  fissures  in 
tbe  earth's  crust  commuaioating  with  a  subjacent  focus  of  sabter- 
raneaa  heat. 

By  discussing  at  so  much  length  the  question  whether  the  sea 
may  or  may  not  have  played  an  important  part  in  enlarging  the 

FIcTDl. 


Caldera  of  Palma,  I  have  been  desirous  at  least  to  show  how  many 
fact*  and  observations  are  required  to  explain  the  etrncture  and 
conflgnration  of  such  volcanic  islands.  It  may  he  useful  to  cite,  in 
illnatration  of  tbe  same  subject,  tite  present  geographical  condition 
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of  St.  Paul's  or  Amsterdam  lelaad,  in  the  Indian  Ocean,  mimj 
between  the  Cape  v(  Good  Hope  and  Anstralia. 

In  this  case  the  crater  is  onl;  a  mile  in  diameter,  and  ISO  feet 
deep,  and  the  aurrounding  cliffs  were  lofUeiit  about  600  feet  bi|h, 
so  that  in  regard  to  siie  such  a  cone  and  crater  are  inBignificant 
when  compared  to  the  cone  and  Caldera  of  Palma  or  to  snch  volcanic 
domes  as  Mounts  Loa  and  Kea  in  the  Sandwich  Isianda.  But  the 
Inland  of  St.  Paul  exempliSes  a  class  of  insular  volcanos  into  which 
the  ocean  now  enters  by  a  single  passage.     Every  crater  man 


almost  inTariablj  have  one  side  much  lower  than  all  the  otheni, 
namely,  that  side  towards  which  the  prevailing  winds  never  blow, 
and  to  which,  therefore,  showers  of  duat  and  scoria:  are  raretj 
carried  daring  eruptions.  There  will  also  be  one  point  on  this 
windward  or  lowest  aide  more  depressed  than  all  the  rest,  by  which, 
in  the  event  of  a  partial  submergence,  the  sea  may  enter  as  often  as 
the  tide  rises,  or  as  often  as  the  wind  blows  from  that  quarter.  For 
the  same  reason  that  the  sea  cootinuea  to  keep  open  a  siojile 
entrance  into  the  lagoon  of  an  atoll  or  annular  coral  ree{  it  will  not 
allow  this  passage  into  the  crater  to  be  stopped  up,  bat  will  scour  it 
out  at  low  tide,  or  as  often  as  the  wind  changes.  The  channel, 
therefore,  will  always  be  deepened  in  proportion  as  the  island  rises 
above  the  level  of  Uie  sea,  at  the  rate  perhaps  of  a  few  feet  or  yards 
in  a  century. 

The  crater  of  Vesuvius  in  1822  was  2000  feet  deep  t  >nd,  if  it 
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were  a  half-rabmerged  cone  like  St.  Paal,  the  excavating  power  of 
the  ocean  might,  in  conjunction  with  a  graduHl  aphe&Tiiig  force,  give 
rise  to  a  large  caldera.  Whatever,  therefore,  ma;  have  been  the 
nature  of  the  forces,  igneous  or  aqueous,  which  have  shaped  oat  the 
Val  del  Bove  on  Etna,  or  the  deep  abyss  called  the  Caldera  in  the 
north  of  Palma,  we  may  well  conceive  that  some  craters  may  have 
been  enlarged  into  calderas  by  the  denuding  power  of  the  ooean, 
whenever  considerable  oscillations  in  the  relative  level  of  land  and 
sea  have  occurred. 

Peak  of  Ttneriffe. — The  accompanying  view  of  the  Peak,  taken 
irom  sketches  made  by  M.  Hartnng  and  myself  during  our  visit  to 
Teneriffe  in  1854,  will  show  the  manner  in  which  that  lofty  cone  is 
encircled  on  more  than  two  sides  by  what  I  consider  as  the  mins  of 
an  older  cone,  chiedy  formed  by  eruptions  from  a  summit  which  has 
disappeared.  That  ancient  culminating  point  from  which  one  or 
more  craters  probably  ponred  forth  their  lavas  and  ejectameuta  may 
not  have  been  placed  precisely  where  the  present  peak  now  rises, 
and  may  not  have  had  the  same  form,  but  its  position  was  probably 
not  materially  different.  The  great  wall  or  semicircular  range  of 
precipices,  e,  c,  surrounding  the  atrium,  b,  b,  is  obviously  anslogoH 
to  the  walls  of  a  Caldera  like  that  of  Palma  ;  but  here  the  clifis  are 
insigniHcaDt  in  dimensions  when  compared  to  those  in  Palma,  being 
in  general  do  more  than  500  feet  high  and  rarely  exceeding  lOOO 
feet  The  plain  or  atrium,  6,  b,  figs.  704.  and  705.,  lyii^  at  the  ban 
of  the  cliffs,  is  here  called  Las  Canadas,  and  is  covered  with  sand  and 
pumice  thrown  out  from  the  Peak  or  from  craters  on  its  flaoka 
Copious  streams  of  lava,  d  d,  have  also  flowed  down  from  latent 
openings,  especially  from  a  crater  called  the  Chahorra,  /,  6g.  705., 
which  is  not  seen  in  the  view,  fig.  704.,  as  it  is  hidden  by  the  Peak. 
The  last  eruption  was  as  late  as  the  year  1798. 


SkIIod  (hiaaih  Hnof  Tncrin.  from  N 
VonBuli-i-C 


To  what  extent  tiie  lavas,  4^  d,  figs.  704.  and  705.,  may  have  nar- 
rowed the  circus  or  atrium,  b,  or  taken  away  from  the  height  of 
the  cliff,  /!,  no  geologist  can  determine  for  want  of  sections ;  bat 
should  the  Peak  and  the  Ch^orra  contisue  to  be  active  volcanoefor 
ages,  the  new  cone,  a,  might  become  united  with  the  oldon^  and  the 
lava  might  flow  first  from  «  to  c,  and  then  from  a  to  ^  fig.  705.,  m 
that  the  slope  might  begin  to  resemble  that  formed  by  lava*  and 
qectamenta  from  the  summit  a  to  Cruia,  on  the  aootb-westeni  side 
of  the  cone. 
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Madnm. — 'Every  voleuiic  isliind,  so  far  m  I  have  examined  tbem, 
nriee  from  eveiy  other  one  in  the  detuls  of  its  geo^n^phtcal  and 
geological  stracture  so  greatly  that  I  have  no  expectation  of  finding 
any  eimple  hypothesis,  like  that  of  "  elevation  crntere,"  applicable  to 
all,  or  capable  of  explaining  their  origin  and  mode  of  growth.  Feir 
islands,  fbr  example,  resemble  each  other  more  than  Madeira  and 
Falma,  inaemach  ae  both  coneist  mainly  of  basaltic  rocks  of  snb- 
aerial  origin,  bnt,  when  we  compare  them  closely  together,  there  is 
no  end  to  Uie  points  in  which  they  differ. 

The  oldest  formation  knows  in  Madeira  is  of  snbmarine  volcanic 
origin,  and  referable  to  the  Upper  Miocene  tertiary  epoch,  as  wiU  be 
explained  in  Chap.  XXXL,  p.  607.  To  this  formation  belong  the 
tnffi  and  limestones  containing  marine  sheila  and  corals  which  occur 
at  S.  Vicente  on  the  northern  coast,  where  they  rise  to  the  height 
of  more  than  1300  feet  above  the  sea.  They  bear  testimony  to  an 
npbeaval  to  that  amonn^  at  least,  since  the  oomroencement  of  volcanic 
action  in  those  parts. 

The  pebbles  in  these  marine  beds  are  well  ronoded  and  polished, 
strongly  contrasting  in  that  respect  with  the  angnlar  fragments  of 
simtlar  varieties  of  volcanic  rocks  so  fVeqaent  in  the  saperimposed 
tuffs  and  agglomerates  formed  above  the  level  of  the  sea. 

The  length  of  Madeira  from  east  to  west  is  about  30  miles,  its 
greatest  breadth  from  north  to  south  being  12  miles.  The  annexed 
section,  fig.  705.,  drawn  up  on  a  true  scale  of  heights  and  horizontal 
distances  from  the  observations  of  M.  Hartung  and  myself,  will 
enable  the  reader  to  comprehend  some  of  the  points  in  which, 
geologically  considered,  Madeira  resembles  or  varies  from  Falma, 
In  the  central  regioti,  at  a,  aa  well  as  in  the  adjoining  region  on 
each  aide  of  it,  are  seen,  as  in  the  centre  of  Falma,  a  great  number 
of  dikes  penetrating  through  a  vast  accumnlation  of  ejectamenta,  e. 
Here  also,  as  in  Palma,  we  observe  as  we  recede  from  the  centre, 
that  the  dikes  decrease  in  number,  and  beds  of  scorin,  lapilli, 
agglomerate,  and  tuff  begin  to  alternate  with  stony  Ihvrb,  if  d,  until 
at  the  distance  of  a  mile  or  more  from  the  central  axis  the  volcanic 
mass,  below/ A  and  eg,  consists  almost  exclusively  of  streams  ot 
sheets  of  baaalt,  with  many  red  partings  of  lateriteor  red  ochreous 
clay.  These  red  bands  vary  in  thickness  from  a  iew  inches  to  two 
or  three  fbet,  and  coDsist  sometimes  of  layers  of  tuff,  sometimes  of 
ancient  soils  derived  from  decomposed  lava,  both  of  them  burnt  to  a 
brick-red  colour,  and  altered  by  the  contact  of  melted  matter  which 
has  flowed  over  them.  Some  of  these  bands  are  represented  in  fig. 
706.  by  interrupted  lines,- — .  The  darker  divisions  with  vertical 
cross-bars  ^^ffi  indicate  lavas  which  originally  flowed  on  the  anr- 
face.  Had  there  been  room,  many  more  alternations  of  such  lavas 
would  have  been  introduced.  They  consist  chiefly  of  basalts  more 
or  lees  vesicular,  and  in  some  places  of  trachyte.  The  lighter  tint, 
c,  expresses  an  accumulation  of  scorin,  agglomerate,  and  other  ma- 
terials, such  as  may  have  been  piled  vp  in  the  open  air,  in  or  around 
the  chief  orifices  of  eruption,  and  between  volcanic  cones.    This 
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older  formatioD,  though  represented  hy  ao  naifonn  tint,  is  b]r  no 
metms  an  amorphous  maes,  but  is  separated  into  iunnm^able  layers 
which  dip  towards  aU  points  of  the  compass,  so  that  their  mode  of 
arrangement  could  not  be  expressed  in  a  small  diagram. 

The  Pico  Torres,  a,  more  than  6000  feet  high,  is  one  of  many 
central  peaks,  composed  of  ejected  materials.  B7  the  nnion  of  the 
foundations  of  many  similar  peaks,  ridges  or  mountain  crests  are 
formed,  from  which  the  tops  of  vertical  dikes  project  like  tnrretB 
above  the  weathered  surface  of  the  softer  beds  of  tuff  and  Bcorin. 
Hence  the  broken  and  picturesque  outline,  giving  a  singular  and 
romantic  character  to  the  scenery  of  the  highest  part  of  Madeira. 
Korth  of  A  is  seen  Pico  Buivo  (b),  the  most  elevated  peak  in  the 
island,  jet  exceeding  bj  a  few  feet  onlj  the  height  of  Pico  Torres. 
It  is  similar  in  composition,  but  its  appermost  part,  300  feet  high, 
retains  a  more  perfectly  conical  form,  and  has  a  dike  of  basalt  with 
olivene  at  its  summit,  with  streams  of  scoriaceous  lava  adhenng 
to  its  steep  flanks.  There  are  a  great  many  such  peaks  esstand 
west  of  A,  which  seem  to  be  the  ruins  of  cones  of  eruption,  the 
materials  of  some  at  least  having  been  arranged  with  a  qaS-qea- 
veraal  dip.  Among  these  is  Pico  Grande,  C,  fig.  708.,  now  hiif- 
buried  under  more  modem  lavas  which  have  flowed  round  it 

It  will  be  Been  that  the  beds  of  lava  in  the  central  region  between 
«  and/ (fig.  706.  p.  641.)  are  nearly  horiiontal,  or  have  a  dipof  iw 
more  than  from  three  to  five  degrees,  whereas  the  angle  of  slope  at 
the  beds  between/  and  A  is  often  seventeen  degrees  on  the  sonchnn 
flank,  and  usually  as  much  as  ten  on  the  northern,  or  between  tiod 
g.  The  moderate  inclination  of  the  lavas  between  B,  A,  and  B  bu 
been  caused  by  the  juxta- posit  ion  of  a  multitude  of  cones  which 
have  prevented  the  streams  of  melted  matter  from  flowing  freely 
from  the  main  axis  or  lava-shed  towards  the  sea,  whether  in  a  n«tb 
or  south  direction.  The  marked  prolongation  of  this  gentle  ^ope 
on  both  sides  of  B,  and  from  B  to/,  may  be  attributed  to  the  fact 
that  below/there  is  a  very  ancient  ridge  of  erupted  materials,  e, 
which  has  formed  a  barrier  intercepting  the  free  passage  of  the 
central  lavas  to  the  sea.  Between  this  secondary  buried  chiis 
above  c  or  below/,  and  the  higher  central  chain  of  scori«  below  A, 
the  valley  or  cavity,  d  1,  was  filled  up  with  horiaontal  beds  of  lava, 
over  which  an  enormous  mass  of  other  sheets  of  basalt  and  depodti 
of  tufi^,  from  f/  to  R  and  from  R  to/,  were  afterwards  accnmiilated, 
until  at  last  an  aggregate  thickness  of  3500  feet  of  stratified 
materials  was  formed.  Sections  of  this  vast  accumalatlon  are  ex* 
posed  to  view  in  nearly  vertical  precipices  in  the  deep  valley  called 
the  Corral.  But  when  the  lavas  had  surmounted  the  ancient  ridge 
below/,  and  were  no  more  obstructed  in  their  seaward  course,  ibey 
flowed  with  a  steep  inciinatiou,  often  at  an  angle  of  17  d^^rees 
towards  the  south.  Nearer  the  sea,  as  at  i  and  L  on  both  sides  <tf 
the  island^where  the  most  modern  lavas  occur,  the  dip  diminishes  (o 
5  degrees,  and  even  to  3^,  as  at  k,  near  Funchal.  In  this  latter 
characteristic  (the  smaller  iuclinaiton  of  the  lavas  near  the  tea,  and 
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their  ossocifttion  there  with  modera  cones  of  eruption,  such  &9 
u,  If,  O,),  there  is  a  strict  analogr  between  Madeira  and  Palma. 
pistinct  buried  conea  of  eruption  also  occnr  at  many  points,  si  at 
p  and  q,  fig.  706.,  which  have  been  OTerwbelmed  hj  lavas  floiriDg 
from  the  central  region. 

As  a  general  rule,  the  lavas  of  Madeira,  whether  veaicnlar  or  com- 
pact, do  not  constitute  continuous  sheets  parallel  to  each  other. 
When  viewed  in  the  sea-cliSs  in  sectiona  traniiTerse  to  the  direclion 
in  which  the;  flowed,  the;  vary  grefttlj  in  thickness,  even  if 
followed  for  a  few  hundred  feet  or  yards,  and  thej  usually  thin  out 
entirely  in  less  than  a  quarter  of  a  mile.  In  the  ravines  which 
radiate  from  the  centre  of  the  island,  the  bedd  are  more  persistent, 
but  even  here  they  usually  are  seen  to  terminate,  if  followed  for  a 
few  miles  ;  their  thickness  also  being  very  variable,  and  sometimes 
increasing  suddenly  from  a  few  feet  to  many  yards. 

We  saw  no  remains  of  fossil  plants  in  any  of  the  red  partings  or 
latarites  above  alluded  to;  hot  Ur.  Smith,  of  Jordanhill,  was  more 
fortunate  in  184(^  having  met  with  the  carbonized  branches  and 
roots  of  shrubs  in  some  red  clays  under  basalt  near  Funchal.  Nerer- 
theless,  M.  Hartung  and  I  obtained  satisfactory  evidence  in  the 
northern  part  of  the  island,  in  the  ravine  of  S.  Jorge,  of  the  foraier 
existence  of  terrestrial  vegetation,  and  consequently  of  the  subseriil 
origin  of  a  large  portion  of  the  lavka  of  Madeira,  At  q  in  the  sectioa 
(fig.  706.)  the  occurrence  of  a  bed  of  impure  lignite,  covered  by  basali, 
had  lung  been  known.  Associated  with  it,  we  observed  several  Isjen 
of  tufi'  and  clay  or  hardened  mud,  in  one  of  which  leaves  of  dicotr- 
ledonous  plants  and  of  ferns  abound.  Sir  Charles  J.  F.  Bunbnr;, 
who  was  with  me  in  Madeira  during  the  winter  of  1853—4,  at  odw 
pronounced  one  of  the  fossil  ferns  to  agree  in  its  peculiar  vernation 
with  Woodwardia  radieatu,  a  species  now  common  in  Madeira; 
and  be  afterwards  discovered  the  common  Madeira  fern,  Datallm 
Canariennty  and  a  Nepkrodium,  and  other  ferns  among  the  fossil 
remains.  He  also  pointed  out  that,  among  the  dicotyledonous  lesTC^ 
some  were  of  the  myrtle  family,  the  larger  proportion  having  iheii 
surfaces  smooth  and  unwrinkled,  with  a  somewhat  rigid  and  cori- 
aceous texture,  end  with  undivided  or  entire  margins.  "TVm 
characters,"  observed  Sir  C.  Bunbury,  "  belong  to  the  laurel-iypc. 
And  indicate  a  certiiin  analogy  between  the  ancient  vegetable  re- 
mains and  the  modern  forests  of  Madeira,  in  which  laurels  and 
other  evergreens  abound,  with  glossy  coriaceous  and  entire-edgtil 
leaves,  while  below  them  there  is  an  undergrowth  of  ferns  and 
various  other  plants."  • 

Professor  Heer,  of  Ziirich,  has  since  published  (1855)  an  accooni 
of  some  additional  fossils  collected  by  M.  Hartung  from  the  inff  oi 
ijan  Jorge,  enumerating  twenty-seven  forms,  referable  to  ferns  ami 
Ithenogamous  plants,  moat  of  them  agreeing  with  species  nnw 
juhabiting  Madeira,  such  as  Fteris  aquUina,  Trickomantt  radkam. 

*  Bunbniy,  Quart.  Gvol.  Jaura.,  1BS4,  vol.  x.  p.  SIC. 


Co.  XXIX.]  CRATER    OF    LAGOA.  643 

&c.,  and  leaves  like  thoBe  of  Otmunda  regalis  (?),  no  longer  Tound  in 
the  island.  Among  the  dicotyledonous  plants  thu  Professor  describes 
Myriea  Fayn,  Oreodapkne  fretens,  Erica  arborea,  &c.,  also  »  few 
genera,  such  as  Cori/lut  and  Ulmur,  now  foreign  to  Madeira.  The 
botanical  determinations  both  of  Prof.  Heer  and  Sir  C.  Bunbury 
would  lead  as  to  refer  the  leaf-bed  to  a  period  as  modero  as  thu 
Newer  Pliocene,  if  not  the  Post- pliocene.* 

The  lignite  above  mentioned  and  the  leaf-bed  occur  at  the  height 
of  1000  feet  above  the  level  of  the  sea,  and  are  overlaid  by  super- 
imposed basalts  and  scorira,  1100  feet  thick,  implying  the  existence 
of  an  ancient  terrestrial  vegetation  long  before  a  large  part  of 
Madeira  had  been  built  up.  The  nature  of  the  tuffs  accompanying 
the  lignite,  together  with  some  agglomerates  in  the  vici,aity,  entitles 
us  to  presume  that  near  this  spot  a  series  of  eruptions  once  broke 
out.  Nor  is  it  improbable  that  there  may  have  been  here  the  crater 
of  some  lateral  cone  in  which  the  lignite  and  leaf-bed  accumulated  ; 
for,  although  craters  are  remarkably  rare  in  Madeira,  when  we 
consider  bow  ^reat  is  the  number  of  cones  of  eruption,  yet  on  the 
mountain  called  Lagoa,  2\  miles  west  of  Machico,  a  crater  as  perfect 
as  that  of  Astroni  near  Naples  may  be  seen. 

At  the  bottom  of  this  circular  cavity  (Gg.  707.),  which  is  about 
150  feet  deep,  is  a  plain  about  500  feet  in  diameter,  haviug  a  pond 
in  the  middle,  towards  which  the  plain  slopes  gently  from  all  sides. 
Such  ponds  are  often  seen  in  the  interior  of  extinct  craters.  Except 
in  the  middle  it  is  shallow,  and  supports  aquatic  plants.  Mnny 
leaves  must  also  be  blown  into  it  from  ihe  surrounding  heights 
whea  high  winds  prevail,  so  that  a  mass  of  peaty  matter  c 
iato  lignite  may  collect  here. 


CritiT  of  L(EM,I|  ml^  wnt  oC  MuHIco,  MHlein. 

In  thil  cut,  taken  from  r  aketch  of  ray  own.  the  depth  of  the  crater  may  appear 
too  greai,  nnleas  il  is  borne  in  mind  ihiit  ihcre  are  no  trees  visible,  and  moM  uf  tbf 
liuahes  are  of  the  Madeira  whorlle-berry  (Vticcinium  Madeiritue),  five  or  six  leei 
hi|;h.     ImraediBtely  beblad  tlie  furegcound  an  ariiticlal  monnd  is  *eea  ibrova  ii[j 

•  Heer,  Schweiz.  Gescllichnfi  fur  Njilurwiisennthaften,  Bund  XV, 
Tr2 
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Had  atreftms  of  lava  descending  fVom  greater  heigbta  entered  this 
Lagoa  crater,  thej  would  have  formed  dense  masses  of  compact  rock 
cooling  slowly  under  great  pressure,  like  those  now  iacnmbent  on 
the  impure  lignite  of  S.  Jorge.  The  dip  of  the  latter  cannot  be 
clearly  determined,  since  it  is  exposed  to  view  for  too  short  t  dis- 
tMQce ;  and  the  same  may  be  said  of  the  leaf-bed,  part  of  which  mikj 
be  traced  lower  down  the  ravine.  It  seems,  however,  to  dip  to  the 
north  or  towards  the  sea  conformably  with  the  general  inclinalioa 
of  the  basaltic  and  tufnceous  strata, 

A  deep  valley,  called  tlie  Curral  (b,  fig.  708.),  surrounded  by 
precipices  from  1500  to  2500  feet  high,  and  by  peaks  of  still  greater 
elevation,  occurs  in  the  middle  of  Madeira.  It  has  been  compared 
by  some  to  a  crater  or  caldcra,  for  its  upper  portion  is  situated  in 
the  region  where  dikes  and  ejectamenta  abound.  The  Curral,  bow- 
ever,  extends,  without  diminidiing  in  depth,  to  below  the  region  of 
numerous  dikes,  and  it  lays  open  to  view  all  the  beds  R,  i,  fiy.  "06. 
Nor  do  the  volcanic  masses  dip  away  in  all  directions  from  the  Curral, 
as  from  a  central  point,  or  from  the  hollow  axis  of  a  cone.  Tbe 
Curral  is  In  fact  one  only  of  three  great  valleys  which  radiate  horn 
the  most  mountainous  district,  a  second  depression,  called  the  Sem 
d'Agoa  (v,  tig.  708.],  being  almost  as  deep.  This  eavity  is  sUu 
drained  by  a  river  Sowing  to  the  south  ;  white  a  third  valley,  Damel>', 
thntof  the  Janella,  sends  its  waters  to  the  north.  The  section  alluilod 
to  (Bg.  70B.),  passing  through  part  of  the  axis  of  the  island  in  an  t»a 
and  west  direction,  efaows  bow  the  CurrtU  and  Serra  d'Agoa,  sand  ^ 


are  separated  by  a  nairow  and  lofty  ridge,  c,  part  of  which  i» 
surmounted  by  the  Pico  Grande,  before  mentioned,  nearly  5400  frtt 
hijih.  There  is  no  essentia)  difference  between  the  shape  of  th»« 
thi-ee  great  valleys  and  many  of  those  in  the  Alps  and  Pyrewes 
where  the  valley-making  process  can  have  bad  no  connection  with 
any  superficial  volcanic  action. 

In  the  Alps,  no  doubt,  as  in  other  lofty  chains,  the  formation  of 
valleys  lias  been  greatly  aided  by  subterranean  movements,  boili 
gradual  and  violent,  and  by  the  dislocation  of  rocks.  The  same  may 
be  ti-ue  of  Madeira  and  of  almost  every  lofty  volcanic  region ;  bni, 
when  we  reflect  that  the  central  heights  a  and  »,  fig.  706.,  are  more 
than  6000  feet  above  the  sea,  and  that  the  waters  flowing  from  them. 
bwoUen  by  melted  snows,  reach  tlie  sea  by  a  course  of  not  muct 
more  than  6  miles  in  the  case  of  those  draining  tlie  Curral,  and  by 
nearly  as  short  a  route  iu  the  Serra  d'Agoa,  we  shall  be  prepari'd 
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for  nlmost  »nj  amount  of  deaudation  effected  Bimpl;  by  Buboerial 
eroaioii. 

The  general  absence  of  water-worn  [)ebblea  in  the  tuffd  underlying 
the  Madeira  lavaa  ia  very  striking,  and  contrasts  with  the  frequeat 
occurrence  of  gravel-beds  under  bo  many  of  the  Auvergne  lavas.  It 
simply  proves  that  Madeira,  like  the  volcanic  mountains  of  Java,  or 
like  Mount  Etna  or  Mona  Loa  in  the  Sandwich  Islands,  could  not, 
so  long  as  emptions  were  frequent,  and  while  the  porous  lavas 
absorbed  all  the  rain-water,  support  a  single  torrent  on  its  slopes.* 
The  period,  therefore,  of  fluviatile  erosion  must  have  been  almost 
entirely  subsequent  in  date  to  the  formation  of  the  central  nucleus 
of  ejectamenta,  c,  fig.,  p.  641.,  and  of  the  lavas  d,  ibid.  When  we 
infer  that  these  were  of  supramarine  origin  as  far  down  as  the 
line  p,  t,  t,  and  perhaps  lower,  it  follows  that  a  lofty  island,  4000 
feet  or  more  in  height,  must  have  resulted,  even  if  no  upheaval  bad 
ever  occurred. 

The  movements  which  npraised  the  marine  deposits  of  San  Vicente 
may  or  may  not  have  extended  over  a  wide  area.  How  far,  when 
they  occurred,  they  modified  the  form  of  the  island,  or  added  to  it» 
height,  is  a  fair  subject  of  speculation  ;  and  whether  the  steep  dip 
of  the  lavas  seen  in  the  ravines  intersecting  the  slopes  of  the  moun- 
tain, fh,  and  t  g  (fig.  706.,  p.  641.),  may  be  ascribable  in  part  to 
such  movements.  The  lavas  of  more  modern  date,  near  FunchnI, 
may  be  imagined  to  remain  comparatively  horizontal,  because  they 
have  escaped  the  influence  of  disturbing  forces  to  which  the  older 
nucleus  was  exposed.  Without  discussing  this  point  (so  fully  treated 
of  in  reference  to  Palma),  I  may  observe  that  unquestionably  dif- 
ferent parts  of  Madeira  have  been  formed  in  succession.  Near 
Porto  da  Cruz,  for  example,  on  the  northern  coast,  trachytes  of  a 
grey  and  yellow,  and  trachytic  tuffs  almost  of  a  white  colour,  iu 
slightly  inclined  or  almost  horizontal  beds,  have  partially  flUed  up 
deep  valleys  previously  excavated  through  the  older  and  inclioed 
basaltic  rocks  (dipping  at  an  angle  of  10°  to  the  nnrth),  under  which 
the  leaf-bed  and  lignite  before  mentioned,  fig.  706.,  p.  641.,  lie 
buried.  During  the  convulsions  which  accompanied  the  outpouring 
of  every  newer  series  of  lavas  the  older  rocks  may  have  been  more 
or  less  disturbed  and  tilted,  without  destroying  the  general  form  of 
the  old  dome-shaped  mountain  supposed  by  us  to  have  been  the 
result  of  repeated  eruptions  from  the  central  vents. 

The  locality  just  referred  to  of  Porto  da  Cruz  exemplifies  not 
only  the  long  intervals  of  time  which  separated' the  outflowing  of 
distinct  sets  of  lavas,  but  also  the  precedence  of  tlie  basaltic  to 
the  trachytic  outpourings.  So  also  on  the  southern  slope  of  Madeira, 
we  observed  between  the  Jardim  and  Pico  Bodes,  situated  in  a 
direct  line  about  6  miles  north-west  of  Funchal,  a  well-marked 
series  of  trachytic  rocks  of  considerable  thickness  occupying  tlie 

•  See  remark*  on  E«na,  Lyell'j  TrinciplM  of  Geuloe/.  chap.  xiv.  (9(b  eil.. 
p.  -tos.). 
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liighest  geological  poflition.  They  consist  of  whit«  and  grey  tra- 
chytes, occurring  at  points  varjing  from  2500  to  3500  feet  above 
the  sea.  Tlieir  position  may  be  uaderBtood  by  auppoaiag  them  to 
constitute  the  uppermost  beds  represented  at  A  in  the  section 
(fig.  706.  p.  641.),  and  on  the  slope  above  h.  The  doctrine,  there- 
fore, that  in  each  series  of  volciinic  eruptions  the  trachytic  Uvis 
flow  out  first,  and  after  them  the  basaltic  (see  p.  650.),  is  by  nu 
means  borne  out  in  Madeira,  althougli  some  of  the  newest  curreoU. 
like  those  at  the  foot  of  the  cones  u,  n,  o  [fig.  706.),  are  basaltic 

Several  of  the  latest  and  most  powerful  streams  of  lava  vbich 
hare  issued  from  the  central  axis  of  Madeira  are  composed  of  a 
felspathic  rock  of  a  mixed  character,  on  the  whole  more  trachjtii: 
than  basaltic.  It  divides  into  spheroidal  masses,  often  several  feei 
in  diameter,  which  are  very  conspicuous  when  the  contained  iron  has 
become  more  highly  oxidated.  M.  Delesse,  who  had  the  kindness 
to  analyze  for  me  several  of  our  specimens,  found  certain  varieties 
of  this  rock  to  be  without  augite,  and  simply  a  mixture  of  biscki^li 
green  felspar  with  olivine.  These  woald,  according  to  bim,  be 
<-lassed  by  most  of  the  French  geologists  under  the  general  designa- 
tion of  basalt.  Whatever  name  we  assign  to  this  product  it  indi- 
cates a  change  in  the  mineral  nature  of  the  materials  last  emitted 
from  the  central  axis.  Where  the  island  is  narrow  this  spfaeroidil 
trap  often  reaches  the  sea,  but  in  the  broadest  and  loftiest  part  of 
Madeira  it  forms  a  superficial  envelope,  which  extends  for  a  certain 
distance  only  from  the  central  heights,  ae,  for  example,  to  near  o 
(fig.  706.  p.  641.).  Hence,  near  Funchal,  we  must  ascend  to  a  height 
of  1100  or  1200  feet  before  we  meet  with  this  felapathic  fonoatioo, 
the  lower  grounds  along  the  coast  being  occupied  by  trne  ba^ali^ 
which  never  exhibit  a  spheroidal  structure. 

Among  other  contrasts  of  character  in  the  superficial  volcanic 
formations  of  Madeira,  I  may  remark  that  many  of  the  central 
jieaks,  such  as  a,  fig.  706.,  seem  to  be  the  mere  skeletons  of  cone* 
of  eruption,  whereas  other  cones  of  like  origin,  such  as  h,  N,  0,  n»et 
with  at  lower  levels  and  nearer  the  sea,  are  more  regular,  and  hare 


Sun*™  of  kti  nur  Port  Monli.  N  ,W.  polui  at  Hmdilia ;  troa  t  di»liit  bj  M.  Bvnnf. 

no  protruding  dikes  on  their  summila  or  flanks.  This  difference  ia 
form  may  imply  that  the  more  degraded  hills  are  of  higher  anti- 
quity ,  but  it  may  quite  as  often  arise  from  the  circumsiaoce  Uwi 
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such  accmnulations  of  loose  ejected  materials,  baTo  been  exposed 
from  the  first  to  greater  waste  in  regions  where  the  snows  melt 
suddenlj,  and  where  the  winds  are  most  violent.  A  dense  covering 
of  turf  and  shrubs,  the  uost  effective  of  all  preservatives  against 
pluvial  degradation,  cannot  readily  be  formed  in  such  mountainous 
and  Btornty  regions. 

Some  few  lavas  in  Madeira  have  a  singularly  recent  aspect  as' 
compared  to  others  which  are  covered  with  a  considerable  depth  of 
vegetable  soil.  I  allude  particularly  to  the  lava  currents  near  Fort 
Moniz,  one  of  which  is  as  rough  and  brbtling  as  are  some  streams 
before  alluded  to  in  Falma  (p.  635.)  of  historical  date.  I  am  in- 
debted to  M.  Hartung  for  the  annexed  drawing  of  lava  at  Fort 
Monis,  which  I  did  not  visit  myself.  It  is  traversed  by  a  channel, 
a,  like  one  of  those  already  described,  p.  630.  For  how  long  a  period 
sach  characters  may  be  retained  is  uncertain,  so  much  does  this 
depend  on  the  mineral  composition  of  the  rock.  Some  of  the  lavas 
of  Aavergne,  of  prehistorical  date  and  certainly  of  high  antiquity, 
are  almost  as  rugged  ;  so  that  this  freshness  of  aspect  is  only  a 
probable  indication  of  a  relatively  modern  origiD. 
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CHAPTER  XXX. 

OK  THE  DIFPEREKT  AGES  OF  THE  TOLCAHIC  ROCKS. 

Teats  or  relatire  &ge  or  volcanic  rocki — Teiti  bj  ■Dperpoaition  ind  intnuion — 
Ti'H  bj  alierBlion  of  rocki  in  conuct— Teit  bf  orgmnic  remunB—Teal  of  ige 
by  miaenl  chiirscter — Teit  hj  incladed  fragmcntf — Volcanic  ntcki  of  tbc  Pun- 
Fliocene  period^Baolt  of  ihe  'Bmj  of  Trenain  Sk'dj — Pojt- Pliocene  rolcanic 
rocks  near  NapU»— lhk:«s  of  Somma. 

Hatimg  referred  the  aedimentarf  strata  to  a  long  gaccession  of 
geological  periods,  we  have  now  to  conaider  how  far  the  volcanic 
formations  can  be  classed  in  a  similar  chronological  order.  The 
tests  of  relative  age  in  this  class  of  rocks  are  four  : — 1st,  super- 
position and  intrusion,  with  or  without  alteration  of  the  rocki  id 
contact ;  Sod,  organic  remains ;  Srd,  mineral  characters  ;  4tli,  in- 
cluded fragments  of  older  rocks. 

Tests  bif  superposition,  ^e. — If  a  volcanic  rock  rest  npoD  in 
aqueous  deposit,  the  former  must  be  the  newest  of  the  two;  but  tht 
like  rule  does  not  hold  good  where  the  aqueous  formatioa  rest* 
upon  the  volcanic,  for  melted  matter,  rising  from  below,  may  pene- 
trate a  sedimentary  mass  without  reaching  the  surface,  or  may  be 
forced  in  conformably  between  two  strata,  as  &  at  d  in  the  annexed 
figure  (fig.  7 10.),  after  which  it  may  cool  down  and  consolidatc- 


Superposition,  therefore,  is  not  of  the  same  value  ae  a  test  of  age  in 
the  unstratiGed  volcanic  rocks  as  in  fossiliferous  formations.  We 
can  only  rely  implicitly  on  this  test  where  the  volcanic  rocks  arv 
contemporaneous,  not  where  they  are  intrusive.  Now,  they  are  sai'l 
to  be  coQtemporaneous  if  produced  by  volcanic  action  which  waj 
going  on  simultaneously  with  the  deposition  of  the  strata  with  which 
they  are  associated.  Thas  in  the  section  at  d  (fig.  710.),  we  may 
perhaps  ascertain  that  the  trap  b  flowed  over  the  fossiliferons  bed  e. 
and  that,  after  its  consolidation,  a  was  deposited  upon  it,  a  and  r 
both  belonging  to  the  same  geological  period.  But  if  the  strataoi 
a  be  altered  by  b  at  the  point  of  contact,  we  must  then  con- 
clude the  trap  to  have  been  intrusive,  or  if,  in  pursuing  b  for  som^ 
distance,  we  And  at  length  Utat  it  cuts  through  the  stratum  a,  and 
then  overlies  it  as  at  e. 

i.,|.,  II,  L.OOQiC 
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Wa  may,  however,  be  euily  deceived  in  supposing  tbe  volcaoio 
rock  to  be  intrusive,  when  in  reality  it  is  contemporaneous ;  for  a 
sheet  of  lava,  as  it  spreads  over  the  bottom  of  the  sea,  cannot  rest 
everywhere  apon  the  same  stratum,  either  because  these  have  been 
denuded,  or  because,  if  newly  thrown  down,  they  thin  out  in  certain 
places,  thus  allowing  the  lava  to  cross  their  edges.  Besides  the 
heavy  igneous  fluid  will  often,  as  it  moves  along,  cat  a  channel  into 
beds  of  soft  mnd  and  sand.  Suppose  the 
submarine  lava  F  (tig.  71)0  to  have 
come  in  contact  in  this  manner  with 
the  strata,  a,  b,  e,  and  that  after  its 
consolidation  the  strata  <j^  e,  are  thrown 
down  in  a  nearly  horiiontal  position, 
yet  eo  as  to  lie  unconformably  to  r,  the 
appearance  of  subseqaent  intrusion  will 
here  he  complete,  although  the  trap  is  in  fhct  contemporaneons. 
We  must  not,  therefore,  hastily  infer  that  the  rock  f  is  intrusive, 
unless  we  find  the  strata  d,  e,  or  c,  to  have  l>een  altered  at  their 
junction,  as  if  by  heat 

Tbe  test  of  age  by  superposition  is  strictly  applicable  to  all  stra- 
tified volcanic  tnffs,  according  to  the  rules  already  explained  in  tbe 
case  of  other  sedimentary  deposits  (see  p.  97.). 

Te»t  of  age  by  organic  remains. — We  have  seen  how,  in  the 
vicinity  of  active  volcanos,  scorice,  pumice,  fine  sand,  and  fragments 
(jf  rock  are  thrown  up  into  the  air,  and  then  showered  dowa  upon  the 
land,  or  into  neighbouring  lakes  or  seas.  In  the  tufi^  so  farmed 
shells,  corals,  or  any  other  durable  organic  bodies  which  may  happen 
to  be  strewed  over  the  bottom  of  a  lake  or  sea  will  be  embedded,  and 
thns  continue  as  permanent  memorials  of  the  geological  period  when 
the  volcanic  eruption  occurred.  Tufaceous  strata  thus  formed  in  tbe 
neighbourhood  of  Vesuvius,  Etna,  Stromholi,  and  other  volcanos  now 
active  in  islands  or  near  the  sea,  may  give  information  of  the  relative 
age  of  these  toffd  at  some  remote  future  period  when  the  fires  of  these 
monntains  are  eztingnisbed.  By  evidence  of  this  kind  we  can  es- 
tablish a  coincidence  in  age  between  volcanic  rocks  and  the  dif- 
ferent primary,  secondary,  and  tertiary  fbssiliferous  strata. 

The  tnfia  Eluded  to  may  not  always  be  marine,  but  may  include, 
in  some  places,  freshwater  shells  ;  in  others,  the  bones  of  terrestrial 
quadrupeds.  The  diversity  of  organic  remains  in  formations  of  this 
nature  is  perfectly  intelligible,  if  we  reflect  on  the  wide  dispersion  of 
ejected  matter  during  late  eruptions,  such  as  that  of  the  volcano  of 
Coseguina,  in  the  province  of  Nicaragua,  January  19,  1835,  Hot 
cinders  and  fine  scorite  were  than  cast  up  to  a  vast  height,  and 
covered  the  ground  as  Uiey  fell  to  the  depth  of  more  than  10  feet 
and  for  a  distance  of  0  leagues  from  the  crater  in  a  southerly  direc- 
tion. Birds,  cattle,  and  wild  animals  were  scorched  to  death  in 
great  numbers,  and  boried  in  ashes.  Some  volcanic  dnst  fell  at 
Cbiapa,  upwards  of  1200  miles,  not  to  leeward  of  the  volcano  as 
might  have  been  anticipated,  but  to  windward,  a  striking  proof  of 
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K  coDDter-CDirent  in  the  upper  region  of  the  atmosphere  ;  and  some 
on  Jamaica,  about  700  milee  dietant  to  the  north-east.  In  the  sea, 
also,  at  the  distance  of  1100  milea  from  the  point  of  eruption.  Cap- 
tain Eden  of  the  "  Conwaj  "  sailed  40  miles  through  floating  pumice, 
among  which  were  some  pieces  of  considerable  siie." 

TetC  of  age  by  mineral  eompotitum.— As  sediment  of  homo- 
geneous composition,  when  discharged  from  the  mouth  of  a  large 
river,  is  often  deposited  simultaneousl;  over  a  wide  space,  so  a  par- 
ticular  kind  of  lava  flowing  from  a  crater  during  one  eruption,  may 
spread  over  an  extensive  area  ;  rb  in  Iceland  in  1783,  when  the 
melted  matter,  pouring  from  Skaptar  Jokul,  flowed  in  streaois  in 
opposite  directions,  and  caused  a  continuous  mass  the  extreme  points 
of  which  were  90  miles  distant  from  each  other.  Tfaia  enormous 
current  of  lava  varied  in  thickness  from  100  feet  to  600  feet,  and  in 
breadth  from  that  of  a  narrow  river  gorge  to  15  miles.f  Kow,  if 
such  a  mass  should  afterwards  be  divided  into  separate  fragments  by 
denudation,  we  might  stilt  perhaps  identify  the  detached  portions  br 
their  similarity  in  mineral  composition.  Nevertheless,  this  test  will 
not  always  avail  the  geologist ;  for,  although  there  is  usually  a  pre- 
vailing character  in  lava  emitted  during  the  same  eruption,  and  even 
in  the  successive  currents  flowing  from  the  same  volcano,  still,  in 
many  cases,  the  different  parts  even  of  one  lava-stream,  or,  as  before 
stated,  of  one  continuous  mass  of  trap,  vary  much  in  mineral  com- 
position and  texture. 

In  Auvergne,  the  Eifel,  and  other  countries  where  trachyte  and 
basalt  are  both  present,  the  trachytic  rocks  are  for  the  most  part 
older  than  the  bssaltic  These  rocks  do,  indeed,  sometimes  altensle 
partially,  as  in  the  volcano  of  Mont  Dor,  in  Anvergne ;  aaA  we  hsve 
seen  that  in  Madeira  trachytic  rocks  may  overlie  an  older  basaltiese- 
ries  (p.  646.) ;  but  the  great  mans  of  trachyte  occupies  more  generally 
perhaps  an  inferior  position,  and  is  cut  through  and  overflowed  by 
basalt.  It  can  by  no  means  be  inferred  that  trachyte  predominated  at 
one  period  of  the  earth's  history  and  basalt  at  another,  for  ire  know 
that  trachytic  lavas  have  been  formed  at  many  successive  period^ 
and  are  still  emitted  from  many  active  craters  ;  but  it  seems  that  in 
each  r^ioD,  where  along  serieaof  eruptions  haveoccurred,  the  more 
felspntbic  lavas  have  been  first  emitted,  and  the  escape  of  the  inor« 
augitic  kinds  has  followed.  The  hypothesis  suggested  by  Mr.  Scrope 
may,  perhaps,  aflbrd  a  solution  of  this  problem.  The  mineral*,  he 
observes,  which  abound  in  basalt  are  of  greater  specific  gravity  than 
those  composing  the  folspathic  lavas  ;  thus,  for  example,  hornblende, 
augite,  and  olivine  are  each  more  than  three  times  Uie  weight  of 
water ;  whereas  common  felspar,  albite,  and  Labrador  felq>ar  have 
each  scarcely  more  than  2^  times  the  specific  gntvity  of  water ;  and 
the  difiereace  is  increased  in  coosequence  of  there  being  moch  more 
iron  in  a  metallic  state  in  basalt  and  greenstone  than  in  trachyte  ud 
other  felspathic  lavas  and  trap  rocks.  If,  therefore,  a  large  quantity 
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of  rock  be  melwd  up  in  the  bowels  of  tbo  earth  by  volcanic  heat,  the 
denser  ingredienta  of  the  boiling  fluid  may  .sink  to  the  bottom,  and 
the  lighter  remaining  above  would  in  that  case  be  first  propelled  up- 
wards to  the  surface  by  the  expansive  power  of  gases.  Those  ma- 
terials, therefore,  which  occupy  the  lowest  place  in  the  subterranean 
reservoir  will  always  be  emitted  last,  and  take  the  uppermost  place 
on  the  exterior  of  the  earth's  crust. 

Tat  by  included  fragments. — We  may  sometimes  discover  the 
relative  age  of  two  trap  rocks,  or  of  an  aqaeons  deposit  and  the  trap 
on  which  it  rests,  by  finding  fragments  of  one  included  in  the  other 
in  oases  such  as  those  before  alluded  to,  where  the  evidence  of  super- 
position alone  would  be  insufficient.  It  is  also  not  uncommon  to 
find  a  conglomerate  ^moat  exclusively  composed  of  rolled  pebbles  of 
trap,  associated  with  some  fossiliferons  stratified  formation  in  the 
neighbourhood  of  massive  trap.  If  the  pebbles  agree  generally  in 
mineral  character  with  the  latter,  we  are  then  enabled  to  determine 
its  relative  age  by  knowing  that  of  the  fossiliferous  strata  associated 
with  the  conglomerate.  The  origin  of  such  conglomerates  is  ex- 
plained by  observing  the  shingle  beaches  composed  of  trap  pebbles 
in  modern  volcanic  islands,  or  at  the  base  of  Etna. 

Newer  Tertiary  Pliocene  period*. — I  shall  now  select  examples  of 
contemporaneous  volcanic  rocks  of  snccmsive  geological  periods,  to 
show  that  igneous  causes  have  been  in  activity  in  all  past  ages  of 
the  world,  and  that  they  have  been  ever  shifting  the  places  where 
they  have  broken  out  at  the  earth's  surface. 

One  portion  of  the  lavas,  tnfis,  and  trap-dikes  of  Etna,  Vesuvius, 
and  the  island  of  Ischia  has  been  produced  within  the  historical 
era;  another  and  a  far  more  considerable  part  originated  at  times 
immediately  antecedent,  when  the  waters  of  the  Mediterranean  were 
already  inhabited  by  the  existing  testaceo,  but  when  certain  species 
of  elephant,  rhinoceros,  and  other  quadrupeds  now  extinct,  inhabited 
Europe.  A  third  and  more  ancient  portion  again  of  these  volcanos 
originated  at  the  close  of  the  Newer  Pliocene  period,  when  less 
than  ten,  sometimes  only  one,  in  a  hundred  of  the  shells  differed 
from  those  now  living  (aee  p.  189.). 

It  has  already  been  stated  that  in  the  case  of  Etna,  Fost-pliocene 
formations  occnr  in  the  neighbourhood  of  Catania,  while  the  oldest 
lavas  of  the  great  volcano  are  Pliocene.  These  are  seen  associated 
with  sedimentary  deposits  at  Trezza  and  other  places  on  the  southern 
and  eastern  flanks  of  the  great  cone  (see  above,  p.  189.). 

The  Cyclopion  Islands,  called  by  the  Sicilians  Dei  Faraglioni,  in 
the  sea-cliflTs  of  which  these  beds  of  clay,  tuff,  and  associated  lava 
are  laid  open  to  view,  are  situated  in  the  Bay  of  Trezza,  and  may  be 
regarded  aa  the  extremity  of  a  promontory  severed  from  the  main 
land.  Here  numerous  proofs  are  seen  of  submarine  eruptions,  by 
which  the  argillaceous  and  sandy  strata  were  invaded  and  cut 
through,  and  tufaceous  breccias  formed.  Enclosed  in  these  breccias 
are  many  angular  and  hardened  fragments  of  laminated  clay  in  dif- 
ferent states  of  alteration  by  heat,  and  intermixed  with  volcanic  sands. 
The  loftiest  of  (be  Cyclopian  islets,  or  rather  rockf,  is  about  200 
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leet  in  height,  the  Bummit  being  formed  of  a  mass  of  stratified  chj, 
the  laminse  of  which  are  occasionally  subdivided  by  thin  arenaceous 
Inyers.  These  strata  dip  to  the  N.  W.,  and  rest  on  a  mass  of  columnar 
lava  (see  fig,  712.)  in  which  the  tops^  of  the  pillftra  are  weathered, 

Fig.  Til. 


Vlaw  at  ibe  Jile  Df  (JcJopi  la  ma  B>r  o'  linn.* 

and  BO  rounded  as  to  be  often  bemispherical.     In  some  places  in  the 
adjoining  and  largest  islet  of  the  group,  which  lies  to  the  north- 
vasCward  of  that  represented  in  the  drawing  (fig.  712.),  the  over- 
Fig.  718.  lying  clay  has  been  greatly 

altered  and  hardened  by  the 
igneoaerock,aQdoccasionally 
contorted  in  the  most  ex- 
trflordinary  manner;  yet  the 
lamination  has  not  been  ob- 
literated, but^  on  the  eontnry. 
rendered  much  more  coD«pi- 
cuous,  b;  the  indurating  pro- 

In  the  annexed  woodcut 
(fig.  713.)  I  have  represented 
a  portion  of  the  altered  rock, 
a  few  feet  square,  where  the 
alternating  thin  laminie  of 
sand  and  clay  bave  pnt  ou  the 
appearance  which  we  o(Wd 
ubserve  in  some  of  the  most 
contorted  of  lie  metainorphic 
schists. 

.  A  great  fissure,  ninniafl 

from    east   to   west,    netrly 

divides     this    larger    island 

"~^       '  into  two  parts,  and  laysopen 

r™tortt™ior.ir«ainih.^i.rgMtofih.Crcio!.i.D    jfg   internal    structure.     In 

is  from  an  original  drawing  bj  nj  fricntl 
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t!ie  section  thus  exhibited,  s  dike  of  lavs  is  seen,  first  cutting 
through  an  older  mass  of  lava,  and  then  penetrating  the  superin- 
cumbent tertiary  strata.  In  one  place  the  lava  romides  and  ter- 
minates in  thin  reins,  from  a  few  feet  to  a  few  inches  in  thioknoji 
(see  fig.  714 ). 


Tlie  arenaceous  laminn  are  much  hardened  at  the  point  of  con- 
tact, and  the  clays  are  converted  into  siliceous  schist  In  this  island 
the  altered  rocks  assume  a  honeycomb  structure  on  their  weathered 
surface,  singularly  contrasted  with  the  smooth  and  even  outline  whivh 
the  same  beds  present  in  their  nsual  soft  and  yielding  state. 

The  pores  of  the  lava  are  sometimes  coated,  or  entirely  filled,  with 
carbonate  of  lime,  and  with  a  seolite  resembling  analcime,  which 
has  been  called  cyclopite.  The  latter  mineral  has  also  been  found 
in  small  fisaurea  traversing  the  altered  mad,  showing  that  the  same 
cause  whtcli  introduced  the  minerals  into  the  cavities  of  the  lava, 
whether  we  suppose  sublimation  or  aqueous  infiltration,  conveyed  it 
HJBO  into  the  open  rents  of  the  contiguous  sedimentary  strata. 

Posl-Flioctne  formationt  near  Kaph». — I  have  traced  in  the 
"Principles  of  Geology  "  the  history  of  the  changes  which  the  vol- 
canic region  of  Campania  is  known  to  have  undergone  during  the 
last  2000  years.  The  aggregate  effect  of  igneous  operations  during 
that  period  ia  far  from  inaignificant,  comprising  as  it  does  the  forma- 
tion of  the  modern  cone  of  Veauvius  since  the  year  79,  and  the  pro- 
duction of  several  minor  cones  in  Ischia,  together  with  that  of 
Monte  Nuovo  in  the  year  1538.  Lava-currents  have  also  flowed 
npon  the  land  and  along  the  bottom  of  the  sea — volcanic  sand, 
pumice,  and  scorite  have  been  showered  down  so  abundantly  that 
whole  cities  were  bnried — tracts  of  the  sea  have  been  filled  up  or 
concerted  into  ahoala — and  tufaceona  aediment  has  been  transported 
by  rivers  ftud  laad-flooda  to  the  sea.    There  are  also  proofs,  during 
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tbe  sftme  recent  period,  of  a  penoanent  alteration  of  ihe  reUtirc 
levels  of  the  land  and  sea  in  several  places,  and  of  the  eame  tract 
having,  near  PuMuoli,  been  alternately  upheaved  and  depressed  to 
the  amount  of  more  than  20  feet.  In  connection  with  these  coDTot- 
sions,  tliere  are  found,  on  the  shores  of  the  Bay  of  Baie,  recent 
tufaceoua  strata,  filled  with  articles  fabricated  hj  the  hands  of  nu, 
iind  mingled  with  marine  shells. 

It  was  also  stated  in  this  work  (p.  188.),  that  when  we  examine 
tbis  same  region,  it  is  found  to  consist  largely  of  tnfaceous  strsta,  of 
a  date  anterior  to  human  history  or  tradition,  which  are  of  each 
thickness  as  to  constitute  hills  from  500  to  more  than  2000  feet  ia 
height.  Some  of  these  strata  contain  marine  shells  which  are  ex- 
clusively of  living  species,  others  contain  a  alight  mixture,  one  or 
two  per  cent.,  of  extinct  species.  Of  the  latter  class  is  the  sDcJecit 
cone  of  Vesuvius,  called  Somma,  which  is  of  far  greater  volume  than 
the  modern  cone,  and  is  intersected  by  a  far  greater  number  of  dikft. 
In  contrasting  this  ancient  part  of  the  mountain  with  that  of  modem 
date,  one  principal  point  of  difference  is  observed :  namely,  the 
greater  frequency  in  the  older  cone  of  fragments  of  altered  sedi- 
mentary roclis  ejected  during  eruptions.  We  may  easily  coaceiie 
that  the  flrst  explosions  would  act  with  the  greatest  violence,  tend- 
ing and  shattering  whatever  solid  masses  obstructed  the  etctpeai 
lava  and  the  accompanying  gases,  so  that  great  heaps  of  rjecled 
pieces  of  roi-k  would  naturally  occur  in  the  tufaceons  breccias  formed 
by  the  eart  lest  eruptions.  But  when  a  passage  had  once  been  opened, 
and  an  habitual  vent  established,  the  materials  thrown  out  woulil 
consist  of  liquid  lava,  which  would  take  the  form  of  sand  and  sconr. 
or  of  angular  fragments  of  such  solid  lavas  as  may  have  choked  op 
the  vent. 

Among  the  fragments  which  abound  in  the  tufaceoas  hrecciuoi 
Somma,  none  are  more  common  than  a  saccharoid  dolomite,  supposed 
to  have  been  derived  from  an  ordinary  limestone  altered  by  beataml 
volcanic  vapours. 

Carbonate  of  lime  enters  into  the  composition  of  so  many  of  tlie 
simple  minerals  found  in  Somma,  that  M.  Mitscberlicb,  with  moch 
probability,  ascribes  their  great  variety  to  the  action  of  the  voleaoic 
heat  on  subjacent  masses  of  limestone. 

Dikes  of  Somma. — The  dikes  seen  in  the  great  escarpment  -mhicii 
Somma  presents  towards  the  modern  cone  of  Vesuvius  are  vei< 
numerous.  They  are  for  the  most  part  vertical,  and  traverse  »i 
right  angles  the  beds  of  lava,  scorie,  volcanic  breccia,  and  sand,  ol 
which  the  ancient  cone  is  composed.  They  project  in  relief  sevcial 
inches  or  eometimes  feet,  from  the  face  of  the  diff,  being  extremelT 
compact,  and  less  destructible  than  the  intersected  tuffs  and  porou! 
lavas.  In  vertical  extent  they  vary  from  a  few  yards  to  500  ffl"'. 
and  in  breadth  from  I  to  12  feet.  Many  of  them  cut  all  the  inclio^l 
beds  in  the  escarpment  of  Somma  from  top  to  bottom,  others  wop 
short  before  they  ascend  above  half  way,  and  a  few  terminate  at  hoih 
ends,  eitlier  in  a  point  or  abruptly.     In  mineral  comjwsition  tb^}' 
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scarcely  diifer  from  the  lavas  of  Sotnma,  tlie  rock  consisting  of  a 
base  of  leacit«  and  augit«,  through  which  Urge  crystala  of  augite 
and  some  of  leucite  are  scattered."  Examples  are  not  rare  of  on© 
dike  cutting  through  another,  and  in  one  instance  a  shift  or  fault  is 
Been  at  the  point  of  intersection. 

In  Home  cases,  hovever,  the  rents  seem  to  hare  been  filled  laterally, 
'when  the  walla  of  the  crater  had  been  broken  by  atar-ehaped  cracksi, 
tm  seen  in  the  nccompanying  wood -cut  (fig.  7lo.).     But  the  shape  of 


these  rents  Is  an  exception  to  the  general  rule  ;  for  nothing  is  more 
lemarkable  than  the  usual  parallelism  of  the  opposite  sides  of  the 
dikes,  which  correspond  almoac  as  regularly  as  the  two  opposite  face« 
of  a  wall  of  masonry.  This  character  appears  at  first  the  more  in- 
explicable, when  we  consider  how  jagged  and  uneven  are  the  rentj 
caused  by  earthquakes  in  masses  of  heterogeneous  composition,  like 
those  composing  the  cone  of  Somma.  In  explanation  of  this  phe- 
nomenon, M.  Necker  refers  us  to  Sir  W.  Hamilton's  account  of  an 
eruption  of  Vesuvius  in  the  year  1779,  who  records  the  following 
facts : — "  The  lavas,  when  they  either  boiled  over  the  crater,  oi 
broke  out  from  the  conical  parts  of  the  volcano,  constantly  formed 
channels  as  regular  as  if  they  had  been  cut  by  art  dowu  the  steep 
part  of  the  mountain;  and,  whilst  in  a  state  of  perfect  fusion,  con- 
tinued their  course  in  those  cliannels,  which  were  sometimes  full  to 
the  brim,  and  at  other  times  more  or  less  so,  according  to  the  quantity 
of  matter  in  motion. 

"These  channels,  upon  examination  after  an  eruption,  I  have 
found  to  be  in  general  from  two  to  five  or  six  feet  wide,  and  £even 
or  eight  feet  deep.  They  were  often  hid  from  the  sight  by  a 
quantity  of  scoriie  that  had  formed  a  crust  over  them  ;  and  the  lava, 
having  been  conveyed  in  a  covered  way  for  some  yards,  came  out 

■  L.  A.  Necker,  HCin.  de  la  8oc.   de        t  From  n  rtrswing  of  SI.  Nvcker,  m 
Ph.Ts.  Gt  d'HinC.  NaT.  dc  Gtniivo,  lorn,  ii.,    Mem.  abute  c'ueiL 
pan  i.,  Kuv.  1831. 
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fteah  ^aId  into  an  open  channel.  After  an  eruption,  I  have 
walked  in  some  of  those  subterraneous  or  covered  galleries,  which 
were  ezceediuglf  curious,  the  sides,  top,  and  bottom  being  worn 
prrfsetly  smooth  and  even  in  most  parte,  hy  the  violence  of  the 
currents  of  the  red-hot  lavas  which  they  hwl  conveyed  for  manj 
weeks  successively."  * 

Kow,  the  walb  of  a  vertical  fissure,  through  which  lava  has 
ascended  in  its  way  to  a  volcanic  vent,  must  have  been  exposed  to 
the  same  erosion  as  the  sides  of  the  channels  before  adverted  to. 
The  prolonged  and  uniform  friction  of  the  heavy  fluid,  as  it  is 
forced  and  made  to  flow  upwards,  cannot  fail  to  wear  and  smooth 
down  the  surfaces  on  which  it  rubs,  and  the  intense  heat  mnst  melt 
all  such  maseee  as  project  and  obstruct  the  passage  of  the  incan- 
descent fluid. 

The  texture  of  the  Yesnvian  dikes  is  different  at  the  edges  and  in 
the  middle.  Towards  the  centre,  observes  M,  Necker,  the  rock  i.s 
larger  grained,  the  component  elements  being  in  a  far  more  crjis- 
talline  state  ;  while  at  the  edge  the  lava  is  sometimes  vitreous,  and 
always  finer  grained.  A  tliiu  parting  band,  approaching  in  its 
character  to  pitchstone,  occasionally  intervenes,  at  the  contact  of 
the  vertical  dike  and  intersected  beds.  M.  Keeker  mentions  one  of 
these  at  the  place  called  Frimo  Monte,  in  the  Atrio  del  Cavallo : 
and  when  I  examined  Somma,  in  1828, 1  saw  three  or  four  others 
in  difierent  parts  of  the  gi'eat  escarpment.  These  phenomena  are  in 
perfect  harmony  with  the  results  of  the  experiments  of  Sir  James 
Hall  and  Mr.  Gregory  Watt,  which  have  shown  that  a  glaesr 
texture  is  the  efiect  of  sudden  cooling,  while,  on  the  contrary,  a 
crystalline  grain  is  produced  where  fused  minerals  are  allowed  to 
consolidate  slowly  and  tranquilly  under  high  pressure. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissurv 
would,  during  consolidation,  part  with  its  heat  more  slowly  than  the 
sides,  although  the  contrast  of  circumstances  would  not  be  so  great 
as  when  we  compare  the  lava  near  the  bottom  and  at  the  surface  of 
a  current  flowing  in  the  open  air.  In  this  case  the  uppermost  part, 
where  it  has  been  in  contact  with  the  atmosphere,  and  where  re- 
frigeration has  been  most  rapid,  is  always  found  to  consist  of 
Bcoriform,  vitreous,  and  porous  lava)  while  at  the  greater  depth  the 
mass  assumes  a  more  lithoidal  structure,  and  then  becomes  more  and 
more  stony  as  we  descend,  until  at  length  we  are  able  to  recognise 
with  a  magnifying  glass  the  simple  minerals  of  wbicb  the  rock  is 
composed.  On  peuetrating  still  deeper,  we  can  detect  the  con- 
stituent parts  by  the  naked  eye,  and  in  the  Vesavian  caiTGDti 
distinct  crystals  of  augite  and  leucite  become  apparent. 

The  same  phenomenon,  observes  M.  Necker,  may  readily  be  ex- 
hibited on  a  smaller  scale,  if  we  detach  a  piece  of  liquid  lava  frum 
a  moving  current.     The  fragment  cools  instantly,  and  ve  fiod  xbta 

*  Phil.  Trans.,  vol.  lax,,  1780, 
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surface  covered  with  *  vitreous  coat ;  while  the  interior,  althongh 
extremely  fine-grained,  hag  a  more  stonj  appearance. 

It  mast,  however,  be  observed,  that  although  the  lateral  portions 
of  the  dikes  are  finer  grained  than  the  central,  yet  the  Titreous 
parting  layer  before  alluded  to  is  rare  in  VesuTiua.  This  may, 
perhaps,  be  accounted  for,  as  the  above'ineiitioned  author  suggests, 
by  the  great  heat  which  the  walla  of  a  fissure  may  acquire  before 
tlie  fiuid  mass  begins  to  cousolidate,  in  which  case  the  lava,  even  at 
the  sides,  would  cool  very  slowly.  Some  fissures,  also,  may  be  filled 
from  above,  as  frequently  happens  in  the  volcanos  of  the  Sandwich 
Islands,  according  to  the  observations  of  Mr.  Dana ;  and  in  this  case 
the  refrigeration  at  the  sides  would  be  more  rapid  than  when  the 
melted  matter  flowed  upwards  from  the  volcanic  foci,  in  an  intensely 
heated  state.  Mr.  Darwin  informs  me  that  in  St  Helena  almost 
every  dike  has  a  vitreous  selvage. 

The  rock  composing  the  dikes  both  in  the  modern  and  ancient 
part  of  Vesuvius  is  far  more  compact  than  that  of  ordinary  lava,  for 
the  pressure  of  a  column  of  melted  matter  in  a  fissure  greatly 
exceeds  that  in  an  ordinary  stream  of  lava  ;  and  pressure  checks 
the  expansion  of  those  gases  which  give  rise  to  vesicles  in  lava. 

There  is  a  tendency  Id  almost  all  the  Vesuvian  dikes  to  divide 
into  horjcontol  prisms,  a  phenomenon  in  accordance  with  the  form- 
ation of  vertical  columns  in  horizontal  beds  of  lava  j  for  in  both 
cases  tbe  divbions  which  give  rise  to  the  prismatic  structure  are  at 
right  angles  to  the  cooling  surfaces.    (See  above,  p.  611.) 
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CHAPTER  XXXI. 

OK  TBE  UIFFXRENT  AGES  OF  THE  YOLCAHIC  KOCKB — COHtimttd. 

TolcM)Ic  Toeki  of  the  Newer  Pliocene  period — T>)  di  Noto — Siciliu  dikes — 
Begfon  of  Olot  in  CaUlonu — Volcanic  rocki  of  th«  Older  Fltocene  period — 
liueaii]'— Rome — VoImdEc  Kgion  of  Olot  in  Cktalonla — Conea  aiid  lara- 
enrrvnti — BariiiM  and  ancient  ipvTel-bedi — Jtu  <f  air  called  Bnfadon— Age 
ortheCatalonian  roleanoa— Upper  Uioccna  period — Volcanic  archipelaBOi  of 
Madeira,  tbe  Canariei,  and  ihe  Aiorra—Lower  Miocene  period — Brown-coal 
of  (he  Bifel  and  con  tern  poruteoQR  traclijde  brecciu — Age  of  the  brown- 
coal— FecDliar  ehuaeten  of  Uie  volcanoi  of  tbe  upper  and  lower  EifU— Lake 
Cralei* — Tmm — Hungarian  Tolcanoi. 

VOLCANIC  BOCK8  OF   THK   NXWER  PLIOCENB  FERIOD. 

yal  di  Noto.—'X  have  already  alluded  (see  p.  191.)  to  the  i^eoQS 
rocka  which  are  asBOciated  irith  a  great  mariae  rormation  of  litne- 
stone,  sand,  and  marl  in  the  southero  part  of  Sicily,  as  at  Tiazini 
and  other  places.  la  this  formation,  which  was  shown  to  belong  to 
the  Newer  Pliocene  period,  large  beds  of  oysters  and  corals  repow 
upon  lava,  and  are  nnsiltered  at  the  point  of  contact.  In  other  places 
we  find  dikes  of  igneooa  rock  intersecting  the  foesiliferons  beds,  and 
converting  die  clays  into  siliceous  schint,  tlie  lamina  being  contorted 
and  shivered  into  innomerable  fragments  at  the  janction,  as  near  tbe 
town  of  Vizzini. 

The  volcanic  formations  of  the  Vol  di  Noto  asuatly  consist  of  tbe 
most  ordinary  variety  of  basalt,  with  or  vrithont  olivine.  The  rock 
is  sometimes  compact,  often  very  vesicular.  The  vesicles  are  occa- 
sionally empty,  both  in  dikes  and  currents,  and  are  in  some  localities 
filled  with  cnlcareons  spar,  arragonite,  and  seolites.  The  stractim 
is,  in  Eome  places,  spheroidal ;  in  others,  though  rarely,  colamiur- 
I  found  dikes  of  amygdaloid,  wacke,  and  prismatic  basalt,  inter- 
^secting  the  limestone  at  the  bottom  of  th«  hollow  called  Gouo  d^;ti 
rMartiri,  below  Melilli. 

Dike*  It  Sieili/. — Dikes  of  vesicular  and  amygdaloidal  lava  are 
also  seen  traversing  marine  tofi*  or  peperino,  west  of  Palagonii,  some 
of  the  pores  of  the  lava  being  empty,  while  others  are  filled  with 
icarbonate  of  lime.  In  sach  cases  we  may  suppose  the  peperino 
to  have  resulted  fVora  showers  of  volcanic  sand  and  scoria,  blether 
with  fragments  of  limestone,  thrown  out  by  a  submarine  ez[Josion, 
similar  to  that  which  gave  rise  to  Graham  Island  in  1831.  Wbea 
the  mass  was,  to  a  certain  degree^  consolidated,  it  may  have  been 
rent  open,  so  that  the  lava  ascended  through  fissures,  the  walls  of 
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which  were  perfectly  oven  and  pnrallel.     After  the  melted  matter 
that  filled  the  rent  (fig.  716.)  had  coolbd  dowa,  it  mast  have  been 
fractured  and  shifted  horizoutallj  by  a  lateral  movement. 
In  the  second  Aguro  (fig.  717.),  the  lava  has  mare  the  appearance 
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nf  a  vein,  which  forced  its  way  through  the  peperino.  It  ib  highly 
probable  that  similar  appearances  would  be  seen,  if  we  could  examine 
the  fioor  of  the  sea  in  that  part  of  the  Mediterraneao  where  tlie 
waves  have  recently  washed  away  the  new  volcanic  island  ;  for  when 
a  snperincnmbent  mass  of  ejected  fragments  has  been  removed  by 
denudation,  we  may  expect  to  see  sections  of  dikes  traversing  tuff, 
or,  in  other  words,  sections  of  the  channelB  of  communication  by 
which  the  subterranean  lavas  reached  the  surface, 

Volcatiie  rocks  of  Olot  in  Catalonia. — Geologists  are  far  from 
being  able,  as  yet,  to  assign  to  each  of  the  volcanic  groups  scattered 
over  Europe  a  precise  chronological  place  in  (he  tertiary  series  j  but 
I  shall  describe  herB,  as  probably  referable  in  part  to  the  Post-plio- 
cene and  in  part  to  the  Newer  Pliocene  period',  a  district  of  extinct 
volcanos  near  Olot  in  the  North  of  Spain,  which  is  little  known,  and 
which  I  visited  in  the  summer  of  1830. 

The  whole  extent  of  country  occupied  by  volcanic  products  in 
Catalonia  is  not  more  than  fifteen  geographical  mites  from  north  to 
south,  and  about  six  from  eaBt  to  west.  The  vents  of  eruption 
range  entirely  within  a  narrow  band  running  north  and  south  ;  and 
the  branches,  which  are  represented  as  extending  eastward  in  the 
map,  are  formed  simply  of  two  lava-streams — those  of  Castdl  FoUit 
and  Cellent. 

Dr.  Maclure,  the  American  geologist,  was  the  ffrst  who  made 
hnowD  the  existence  of  these  volcanos";  and,  according  to  his  de- 
Kcription,  the  volcanic  region  extended  over  twenty  square  leaguec, 
from  Amer  to  Massanet.     I  searched  in  vain  in  the  environs  of  Mah- 

*  Msrlnni,  Jonm.  At  VYijt.,  vol.  Ixvi.  p.  319.,  ISOB  i  dud  by  Daabenj,  De- 
icription  of  Volcanoi,  p.  34. 
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tanet  in  the  Pyrenees,  for  trtMes  of  «  Uva-current ;  and  I  can  t*y 
with  confideoce,  that  the  adjoining  map  gives  a  correct  view  of  the 
true  area  of  the  volcanic  action. 

Geological  structure  of  the  districL — The  eraptions  have  buTst 
entirely  through  foHeiliferous  rocks,  composed  in  great  part  of  grey 
aud  greenish  sandBtone  and  conglomerate,  with  some  thick  beds  of 
nummolitic  limestone.  The  conglomeratecontainspebblesof  quarts 
limestone,  and  Lydian  stone.  This  system  of  rocks  is  very  exl«B- 
sively  spread  throughout  Catalonia  ;  one  of  its  members  being  a  iv4 
sandstone,  to  which  the  celebrated  ealt-rock  of  Cardona,  nsnallT- 
considered  as  of  the  cretaceous  era,  is  subordinate. 

Near  Amer,  in  the  Valley  of  the  Ter,  on  the  southern  bordere  of 
the  region  delineated  in  the  map,  cTystalline  rocks  are  seen,  consist- 
ing of  gneis^  mica-schist,  and  cla^-slate.  Tbey  ran  ia  a  linene«r)  v 
parallel  to  the  Pyrenees,  and  throw  off  the  foasiliferoas  strata  fnMXt 
their  flanks,  causing  them  to  dip  to  the  north  and  north-west,  litis. 
dip,  -which  is  towards  the  Pyrenees,  is  connected  with  a  distinct  axis 
of  elevation,  and  prevails  through  the  whole  area  deecribed  in  lite 
map,  the  inclination  of  the  beds  being  sometimes  at  an  angle  of 
between  40  and  ."lO  dogreea. 

It  is  evident  that  the  physical  geography  of  the  coantry  b«s 
undergone  no  material  change  since  the  commencement  of  tb^  vk 
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of  the  volcanic  eruptions,  except  sucli  u  hu  resulted  from  tbe 
introductioa  of  new  hills  of  ecorite,  and  cnrrentB  of  lavu  upon  the 
enrfKce.  If  the  lavas  could  be  remelted  and  poured  out  again  from 
iheir  respective  craters,  they  would  descend  the  same  valleys  ia 
which  they  are  now  seen,  and  re-occnpy  the  spaces  which  they  at 
present  fill.  The  only  difference  in  tbe  external  configuration  of 
the  fresh  laras  would  consist  in  this,  that  they  would  nowhere  be 
intersected  by  rSTines,  or  exhibit  marks  of  erosion  by  running 
water. 

Voleaitie  eotui  and  lavat. — There  are  about  fourteen  distinct 
cones  with  craters  in  this  part  of  Spain,  besides  several  points 
whence  lavas  may  have  issued  ;  all  of  them  arranged  along  a  uarrotv 
line  mnning  north  and  south,  as  will  be  seen  in  the  map.  The 
greatest  number  of  perfect  cones  are  in  the  immediate  neighbour- 
hood of  Olot,  vome  of  which  (fig.  719.,    Nos.   2,  8,  aud   5  )    ara 
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represented  in  the  annexed  woodcut;  and  the  level  plain  on  which 
that  town  stands  has  clearly  been  produced  by  the  flowing  down  of 
many  lava-streams  from  those  hills  into  the  bottom  of  a  valley, 
probably  once  of  considerable  depth,  like  those  of  the  surrounding 
country. 

In  tbis  drawing  an  attempt  is  made  to  represent,  by  the  shading 
of  the  landscape,  the  different  geological  formations  of  which  the 
country  is  composed."  The  white  line  of  mountains  (No.  1.)  in  the 
distADce  is  the  Pyrenees,  which  are  to  the  north  of  the  spectator, 
and  consist  of  hypogene  and  ancient  fossiliferous  i-ocks.  In  front  of 
these  are  the  fossiliferous  formations  (No.  4.),  which  are  in  shade. 

>  This  Ti«*r  U  taken  irma  a  iketch  which  I  made  on  the  spot  in  1 S30. 
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Still  nearer  to  us  the  hills  2,  3,  5,  are  Tolcftnic  cones,  and  the  rest  of 
the  ground  on  which  the  sunshine  fsUs  is  strewed  over  with  volcanic 
ashes  and  Ibta. 

The  Fluvia,  which  flows  near  the  town  of  CHot,  has  cut  to  the 
depth  of  only  40  feet  through  the  lavas  of  the  plwa  before  men- 
tioned. The  bed  of  the  river  is  hard  basalt ;  and  at  the  bridge  of 
Snnta  Madelina  are  seen  two  distinct  lava-currents,  one  above  the 
other,  eeparated  by  a  horizontal  bed  of  scorite  8  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  even  surface  of  the  plain  is 
broken  hy  &  mound  of  lava  called  the  "  Bosque  de  Tosca,"  the 
upper  part  of  which  is  scoriaceous,  and  covered  with  enormoos 
heaps  of  fragments  of  basalt,  mora  or  less  porous.  Between  the 
numerous  hummocks  thus  farmed  are  deep  cavities,  having  the 
(■.ppearance  of  small  craters.  The  whole  preciseljr  resembles  vome 
of  the  modern  currents  of  Etna,  or  that  of  Cdme,  near  Clermont;  the 
lust  of  which,  like  the  Bosque  de  Tosca,  supports  only  a  scanty 
vegetation. 

Most  of  the  Catalonian  volcnnos  are  as  entire  as  those  In  the 
neighbourhood  of  Naples,  or  on  the  flanks  of  Etna.  One  of  these. 
cnlled  Montsacopa  (So.  3.  fig.  719.),  is  of  a  very  regular  form,  and 
has  a  circular  depresBion  or  crater  at  the  summit  It  is  chiefly 
made  up  of  red  scorin,  undiatinguishable  from  those  of  the  minor 
cones  of  Etna.  The  neighbouring  hills  of  Olivet  (So.  2.)  and 
Garrinada-(No.  5.)  arc  of  similar  composition  and  shape.  The 
largest  crater  of  the  whole  district  occurs  farther  to  the  east  of 
Olot,  and  is  called  Santa  Margarita.  It  is  455  feet  deep,  and  abont 
a  mile  in  circumference.  like  Astroni,  near  Naples^  it  is  richly 
covered  with  wood,  wherein  game  of  various  kiads  abounds. 

Although  the  volcanos  of  Oatalonia  have  broken  out  thrm^li 
sandstone,  shale,  and  limestone,  ns  have  those  of  the  Eifel,  in  Ger- 
many, to  be  described  in  the  sequel,  thera  is  a  remarkable  difler- 
cnce  in  the  nature  of  the  ejections  composing  the  cones  in  these  two 
I'egioDs.  In  the  Eifel,  the  quantity  of  pieces  of  sandstone  and  shale 
thrown  out  from  the  vents  is  oAen  so  immense  as  far  to  exceed  in 
volume  the  scoriaa,  pumice,  and  lava;  but  I  sought  in  vain  in  tbr 
cones  near  Olot,  for  a  single  fragment  of  any  extraneous  rack  ;  and 
Don  Francisco  Boloa.  an  eminent  botanist  of  dot,  informed  me  thai 
he  had  never  been  able  to  detect  any. 

Volcanic  sand  and  ashes  are  not  confined  to  the  cones,  but  have 
been  sometimes  scattered  by  the  wind  over  the  eountiy,  and  drifted 
into  narrow  valleys,  at  is  seen 
between  Olot  and  Cellent,  wherv 
the  annexed  section  (fig.  720l)  U 
exposed.  The  light  cinderf  vol- 
canic matter  rests  in  thin  re- 
gular layers,  just  as  it  alighted 
on  the  slope  formed  of  the  solid 
conglomerate.  No  flood  could 
have   passed  through  the  valley 
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since  the  scorin  fell,  or  these  wonld  bftve  been  for  the  most  part 
removed.  The  carrents  of  Uva  id  Catalonia,  like  those  of  Auvei^e, 
the  Vivarais,  Iceland,  and  all  mountainous  couutriea,  are  of  con- 
siderable depth  in  narrow  defiles,  but  spread  out  into  comparatively 
tbin  sheets  in  places  where  the  valleys  widen.  If  a  river  has  fiowed 
on  nearly  level  ground,  as  in  the  great  plain  near  Olot,  the  water 
has  only  excavated  a  channel  of  slight  depth  ;  but  where  the  de- 
clivity is  great,  the  stream  has  cut  a  deep  section,  Eometimes  by 
penetrating  directly  through  the  central  part  of  a  lava-current,  but 
more  frequently  by  passing  between  the  lava  and  the  secondary  or 
tertiary  rock  which  bounds  the  valley.  Thus,  in  the  accompanying 
section  (fig.  721.),  at  the  bridge  ofCelleni,  six  mileseastof  OloC  we 
see  the  lava  on  one  side  of  the  small  stream  ;  while  the  inclined 


Stratified  rocliB  constitute  the  channel  and  opposite  bank.  The 
upper  part  of  the  lava  at  that  place,  as  is  usual  in  the  currents  of 
Etna  and  Vesuvius,  is  scoriaceous ;  farther  down  It  becomes  less 
porous,  and  assumes  a  spheroidal  structure;  still  lower  it  divides  in 
horizontal  plates,  each  about  2  inches  in  thickness,  and  is  more 
compact.  Lastly,  at  the  bottom  is  a  mass  of  prismatic  basalt  about 
■I  feet  thick.  The  vertical  colnmns  o^n  rest  immediately  on  the 
subjacent  stratified  rocks  ;  but  there  is  sometimes  an  intervention  of 
sand  and  scorias  such  as  cover  the  country  during  volcanic  eruptions, 
iind  which,  unless  protected  as  here,  by  superincumbent  lava,  is 
washed  away  from  the  surface  of  the  laud.  Sometimes,  the  bed  d 
contains  a  few  pebbles  and  angular  fragments  of  rock ;  in  other 
places  fine  earth,  which  may  have  constituted  an  ancient  vegetable 
soil. 

In  several  localities,  beds  of  sand  and  ashes  are  interpoied  between 
the  lava  and  subjacent  stratified  rock,  as  may  be  seen  if  we  follow 
the  course  of  the  lava-current  which  descends  from  Las  Flanaa 
towards  Amer,  and  stops  two  miles  short  of  that  town.  The  river 
there  has  often  cut  through  the  lava,  and  through  18  feet  of  under- 
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Ijicg  limeatoDe.  OccujihikII;  »a  allariam,  aevenl  feet  thic^  te 
ioterposed  between  the  igneous  uid  nurine  formatuNu  ;  mad  it  is 
interesting  to  remark  that  in  thia,  as  in  other  heda  of  pebbles  occn- 
p/ing  a  aimilar  position,  there  are  no  rounded  fragmenta  of  Imra  : 
whereas  in  the  most  modern  gravel-beds  <rf  tbe  rivers  of  this  eoantry 
volcanic  pebbles  are  abundant. 

The  deepest  excavation  nude  by  a  river  through  Uva,  whi<^  I 
observed  in  this  part  of  Spain,  is  seen  in  the  bottom  of  a  valley  iie*r 
San  Feliu  de  Paller(>U,  opposite  the  Castell  de  Stolies.  Tbe  lava 
there  has  filled  ap  the  bottom  of  a  valley,  and  a  narrow  rxvine  has 
been  cut  through  it  to  tbe  depth  of  100  feet.  In  the  lower  part  the 
lava  has  a  colnmnar  structure.  A  great  number  of  ages  were  pro- 
bably  required  for  the  erosion  of  so  deep  a  ravine  ;  but  we  have  no 
reason  to  infer  that  this  current  is  of  higher  antiquity  than  those 
of  the  plain  near  Olot.  The  fall  of  the  ground,  and  consequent 
velocity  of  the  stream,  being  in  this  case  greater,  a  more  considermble 
volume  of  rock  may  have  been  removed  in  tbe  same  time. 

I  shall  describe  one  more  section  (fig.  722.)  to  elucidate  the  phe- 
nomena of  this  district.  A  lavar^treani,  flowing  from  a  ridge  of  hilU 
OQ  the  east  of  Olot,  descends  a  considerable  slope,  until  it  reaches 
the  valley  of  the  river  Fluvia.  Here,  for  the  first  time,  it  comes  in 
contact  with  running  water,  which  has  removed  a  portion,  and  Uid 
open  its  internal  stmcture  in  a  precipice  about  130  feet  in  height, 
at  tbe  edge  of  which  stands  the  town  of  Castell  Follit. 

By  the  junction  of  tbe  rivers  Fluvia  and  Teronel,  the  mass  of  lava 
has  been  cut  away  on  two  sides  ;  and  the  ineiilsr  rock  b  (fig,  722.) 
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B.  ntill  liliiul.  nn  «ch  Mt  of  i>>ikh  bnnthH  of  Itae  rJnr  Tcrorcl  flow  lo  mttt  ike 

c.  prH^iilFtnf  biMltlctm.  FhleSTrDliimnar.ahnin  130  fnt  in  hFl^hl. 

has  been  left,  which  was  probably  never  so  high  as  the  cliff  a,  *a  it 
may  have  constituted  the  lower  part  of  the  sloping  side  of  the 
original  carrent. 
From  an  examination  of  the  vertical  cliffs,  it  appears  that  tbe 
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upper  part  of  the  lara  on  which  tbe  town  is  built  is  ecoriaceous, 
parsing  downwards  into  a  spheroidal  basalt ;  sonie  of  the  huge 
spheroids  being  no  less  than  6  feet  in  diameter.  Below  this  is  a 
more  compact  basalt,  with  crysUle  of  olivine.  There  are  in  all  fire 
distinct  ranges  of  basalt,  the  uppermost  spheroidal,  and  the  rest 
prismatic,  separated  b^  thinner  beds  not  columnar,  and  some  of 
which  are  schistose.  These  were  probably  formed  hj  successire 
flows  of  lara,  whether  during  the  same  eruption  or  at  different 
periods.  -  The  whole  mass  rests  on  alluvium,  10  or  12  feet  in  thick- 
nesB,  composed  of  pebbles  of  limestone  and  quartz,  but  without  any 
intermixture  of  igneous  rocks  ;  in  which  circumstance  alone  it 
appears  to  diflier  from  the  modem  gravel  of  the  Fluvia. 

B«fadoTM. — >The  volcanic  rocks  near  Olot  have  often  a  cavernous 
structure,  like  some  of  the  lavas  of  Etna  ;  and  in  many  parta  of  the 
hill  of  Batet,  in  the  environs  of  the  town,  the  sound  returned  by  the 
earth,  when  struck,  is  like  that  of  an  archway.  At  the  base  of  the 
same  hill  are  the  mouths  of  several  subterranean  caverns,  about 
twelre  in  number,  called  in  the  country  "bufadors,"  from  which  a 
current  of  cold  air  issaes  during  summer,  but  in  winter  it  is  said  to 
he  scarcely  perceptible.  I  visited  one  of  these  bufadors  in  the 
beginning  of  August,  1630,  when  the  beat  of  the  season  wu  un- 
usnallj  intense,  and  found  a  cold  wind  blowing  itoia  it,  which  may 
eaaily  be  explained  ;  for  as  the  external  air,  when  rarefied  by  heat 
ascends,  tbe  pressure  of  the  colder  and  heavier  air  of  the  caverns 
in  tbe  interior  of  tbe  mountain  causes  it  to  rush  out  to  supply  its 
place. 

Iq  regard  (o  the  age  of  these  Spanish  volcanoe,  attempts  have 
been  made  to  prove,  that  in  this  country,  as  well  as  in  Auvergne 
and  tbe  Eifel,  the  earliest  inhabitants  were  eye-witnesses  to  the 
volcanic  action.  In  the  year  1421,  it  is  said,  when  Olot  was  de- 
stroyed by  an  earthquake,  an  eruption  broke  out  near  Amer,  and 
consumed  the  town.  The  researches  of  Don  Francisco  Bolos  have, 
I  think,  shown,  in  the  most  satisfactory  manner,  that  there  is  no 
good  historical  foundation  for  the  latter  part  of  this  story  ;  and  any 
geologist  who  has  visited  Amer  most  be  convinced  that  there  never 
was  any  eruption  on  that  spot.  It  is  true  that  in  the  year  above 
mentioned,  the  whole  of  Olot,  with  the  exception  of  a  single  house, 
was  cast  down  by  an  earthquake  ;  one  of  those  shocks  which,  at 
distant  intervale  during  the  last  five  centuries,  have  shaken  the 
Pyrenees,  and  particularly  the  country  between  Ferpignan  and  Olot, 
where  the  movements,  at  the  period  alluded  to,  were  moat  violent. 

The  annihilation  of  the  town  may,  perhaps,  have  been  due  to  the 
cavernous  nature  of  the  subjacent  rocks ;  for  Catalonia  is  beyond  the 
line  of  those  European  earthquakes  which  have^  within  the  period  of 
history,  destroyed  towns  throoghont  extensive  areas. 

As  wfa  have  no  historical  records,  then,  to  guide  us  in  regard  to  the 
extinct  volcanos,  we  must  appeal  to  geological  monuments,  Tbe  an- 
nexed diagram  (fig.  723.)  will  present  to  the  reader,  in  a  synoptical 
form,  the  results  obtained  from  numerous  sections. 
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The  more  modern  alluvium  (rf)  is  partial,  and  has  been  formed 
b^  the  action  of  rivers  and  floods  upon  the  lava ;  whereas  the  older 
,  gravel  (&)  was  strewed  over  the  counU*/  before  the  volcanic  ernptioiU' 
In  neither  have  any  organic  remains  been  discovered  ;  so  that  we  can 
merely  affirm  as  yet,  that  the  volcanos  broke  ont  after  the  elevation 
of  some  of  the  newest  rocke  of  the  nummulitic  (Eocene)  series  of 
Catalonia,  and  before  the  formation  of  an  alluvium  (d)  of  unknown 
date.  The  integrity  of  the  cones  merely  shows  that  the  conntij 
has  not  been  ^iuted  by  violent  earthquakes,  or  subjected  to  the 
action  of  any  great  flood  since  their  origin. 

East  of  Olot,  on  the  Calalonian  coast,  marine  tertiary  etraU  oecnr, 
which,  near  Barcelona,  attain  the  height  of  about  500  feet.  From 
the  shelts  which  I  collected,  these  strata  appear  to  correspond  in 
age  with  tlie  Subapennine  beds  ;  and  it  is  not  improbable  thattheir 
upheaval  from  beneath  the  sea  took  place  during  the  period  of 
volcanic  eruption  round  Olot.  In  that  case  these  ernptioni  mtj 
have  occurred  partly  during  t)ie  Newer  Pliocene,  and  partly  dnriig 
the  Post-pliocene  period,  but  their  exact  age  is  at  present  as* 
certain. 

Older  Pliocene  period. — Jlali/. — In  Tuscany,  as  at  RadieofsDi, 
Viterbo,  and  Aquapendente,  and  in  the  Campagna  di  Roma,  >ak- 
marine  volcanic  tuffs  are  interstratified  with  the  Older  PlioccM 
strata  of  the  Subapennine  hills  in  such  a  manner  as  to  leave  no 
doubt  that  they  were  the  products  of  eruptions  which  occorit' 
when  the  shelly  marts  and  sands  of  the  Subapennine  hills  were  is 
the  course  of  deposition.  This  opinion  I  expressed*  afler  my  viiii 
to  Italy  in  1628,  and  it  has  recently  (I80O)  been  confirmed  by  the 
ai^uments  adduced  by  Sir  R.  Murchiaoo  in  favour  of  the  submariBC 
origin  of  the  earlier  volcanic  rocks  of  Italy.f  These  rocks  are  well 
known  to  rest  conformably  on  the  Sabapennine  marla,  even  as  fir 
south  as  Monte  Mario  in  the  suburbs  of  Rome.  On  the  exact  sg* 
of  the  deposits  of  Monte  Mario  new  light  has  recently  been  thron 
by  a  careful  study  of  their  marine  fossil  shells,  undertaken  hy  MM. 
Rayneval,  Vaoden  Hecke,  and  Ponzi.       They  have  compared  no 
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lesi  thoa  160  speciea*  with  the  Bhells  of  the  Coralline  Crag  of 
Suffolk,  so  well  described  bj  Mr.  Searles  Wood  ;  and  the  specific 
agreement  between  the  British  end  Ilalian  fossils  is  ao  great,  if  we 
make  due  atlovance  for  geographical  distance  and  the  difference  of 
latitude,  that  we  can  have  little  hesitation  in  referring  both  to  the 
same  period  or  to  the  Older  Pliocene  of  this  work.  It  is  highly 
probable  that,  between  the  oldest  trachytes  of  Tuscany  and  the 
newest  rocks  In  the  neighbourhood  of  Naples,  a  series  of  volcanic 
products  might  be  detected  of  every  age  from  the  Older  Pliocene  to 
the  historical  epoch. 

VOLCANIC  ROCKS   OF   TBE   UFFZS  HtOCtMS   PBSIOD. 

Madeira  and  Porto  Santo. — When  treating  generally  of  the 
origin  and  structure  of  volcanic  mountains,  I  have  described  (p.  639.) 
at  some  length  the  volcanic  tuffs  and  other  igneous  rocks  of  Tertiary 
and  Post-tertiary  date  in  the  island  of  Uadeira.  Among  the  sub- 
marine deposits,  it  was  stated  that  some  were  as  old  as  the  Upper 
Miocene  period,  as  shown  by  the  fossil  shells  included  in  the  tuffs 
which  hare  been  upraised  at  San  Vicente  in  the  northern  part  of 
the  island  ta  the  height  of  1300  feet  above  the  level  of  the  sea.  A 
similar  formation  constitutes  the  fundamental  portion  of  the  neigh- 
bouring island  of  Porto  Santo,  forty  miles  distant  from  Uadeira. 
The  marine  beds  are  there  elevated  to  an  equal  height,  and  covered, 
as  in  Madeira,  with  lavas  of  supra-marine  origin. 

The  largest  number  of  fossils  have  been  collected  fVom  tuffs 
and  conglomerates  and  some  beds  of  limestone  in  the  island  of 
Baixo,  off  the  southern  extremity  of  Porto  Santo.  They  amount 
in  this  single  locality  to  more  than  sixty  in  number,  of  which  about 
fifty  are  moUusca,  many  of  them  in  the  state  of  casts  only. 

Some  of. the  shells  probably  lived  on  the  spot  in  the  intervals 
between  eruptions ;  some  may  have  been  cast  up  into  the  water 
or  air  together  with  muddy  ejections,  and,  failing  down  again,  were 
deposited  on  the  bottom  of  the  sea.  The  hollows  in  some  fragments 
of  vesicular  lava,  entering  into  the  composition  of  the  breccias  and 
conglomerates,  are  partially  filled  with  calc-sinter,  being  thus  half 
converted  into  amygdaloid s. 

Among  the  fossil  shells  common  to  Madeira  and  Porto  Santo, 
large  cones,  strombs,  and  cowries  are  conspicuous  among  the  uni- 
valves, and  Cardiwn,  Spondylut,  and  LUhodomut  among  the  lamelli- 
branchiate  bivalves.  Among  the  Eehinodermt  the  large  Clypeaster, 
C.  alhiM,  an  extinct  European  Miocene  fossil,  is  seen. 

The  largest  liat  of  fossils  has  been  published  by  M.  Earl  Meyer, 
in  Hartung's  "  Madeira  ;"  bnt  in  the  collection  made  by  myself,  and  in 
a  still  larger  one  formed  by  Mr.  J.  Yate  Johnson,  several  remarkable 
forms  not  in  Meyer's  list  occur,  as,  for  example,  P&oladomya,  and  a 
large  Terebra.     Mr.  Johnson  also  found  a  fine  specimen  of  NautUtu 

*  Catalogne  desFonilwdeHonle  Mario,  Bone,  1B54. 
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{Atmria)  ^zag,  a  well-known  FoIiiDiaii  fossil  of  Europe  ;  and  in 
the  same  volcanic  tuff  of  Baixo,  the  Ecbinoderm  Briatuw  SeiJia,  a 
liviDg  Mediterranean  species,  found  fossil  in  the  Miocene  strata  of 
Malta.  M.  Meyer  identifies  one-third  of  the  Madeira  shells  with 
known  Enropean  Miocene  (or  Fatuaisn)  forms.  Thehage  Strombaa 
of  San  Vicente  and  Porto  Santo,  S.  Ilalicus,  is  an  extinct  shell 
of  the  Subapennine  or  Older  Pliocene  formations. 

The  motlusca  already  obtained  from  various  localities  of  Madeira 
and  Porto  Santo  are  not  less  than  one  hundred  in  number,  and, 
according  to  Dr.  S.  P.  Woodward,  rather  more  than  a  third  are  of 
species  still  living,  but  manj  of  these  are  not  now  inhabitants  of  the 
neighbouring  sea. 

It  has  been  remarked  (p.  211.)  that  in  the  Older  Pliocene  and 
Upper  Miocene  deposits  of  Europe,  many  fonni  occur  of  a  more 
southern  aspect  than  those  now  inhabiting  the  nearest  sea.  In  like 
manner  the  fossil  corals,  or  Zoantharia,  six  in  number,  which  I  ob> 
tained  from  Madeira,  of  the  genera  .^fnen,  Saremuta,  Sydnoplutrm, 
He.,  were  pronounced  by  Mr.  Lonsdale  to  be  forms  foreign  to  the 
adjacent  coasts,  and  to  ^ree  with  those  of  more  tropical  latitndei 
and  parts  of  the  Red  Sea.  So  the  Miocene  shells  of  the  Madeira* 
seem  to  belong  to  the  fauna  of  a  sea  warmer  than  that  now  sepa- 
rating  Madeira  from  the  nearest  part  of  the  African  coast.  We 
learn,  indeed,  from  the  observations  made  in  1859,  by  the  Bev.  R. 
T.  Lowe,  that  more  than  one-half,  or  fifty-three  in  ninety,  of  the 
marine  mollusks  collected  by  him  from  the  sandy  beach  of  MogadoT 
are  common  British  species,  although  Mogador  is  18)  degrees  sooth 
of  the  nearest  shores  of  England.  The  living  shells  of  Madeira  and 
Porto  Santo  are  in  like  manner  those  of  a  temperate  climate,  although 
in  great  part  differing  specifically  from  those  of  Mogador.* 

Grand  Canary. — In  the  Canaries,  eepeciaHy  in  the  Grand  Canary, 
the  same  marine  Upper  Miocene  formation  is  found.  Stratifed 
tadb,  with  intercalated  conglomerates  and  lavas,  are  there  see*  ia 
nearly  horizontal  layers  in  sea-cliffs  about  300  feet  high,  near  La.* 
Falmas.  M,  Hartung  and  I  were  unable  to  find  marine  shells  ia 
these  tuffs  at  a  greater  elevation  than  400  feet  above  tbe  sea ;  bai 
as  the  deposit  to  which  they  belong  reaches  to  the  height  of  liOO 
feet  or  more  in  the  interior,  we  conceive-  that  an  upheaval  of  at 
least  that  amount  has  taken  place.  The  Clffpeatler  altua,  ^s*' 
dffiut  gtederopui,  Ptctaneultu  pilotui,  Cardiia  ealgetdata,  and 
several  other  shells,  serve  to  identify  this  formation  with  that  of 
the  Madeiras,  and  AneUlaria  glandiforma,  which  ia  not  rare,  and 
some  other  fossils,  remind  ns  of  the  faluns  of  ToarMue. 

The  sixty-two  Miocene  species  which  I  collected  in  the  Grand 
Canary  are  referred,  by  Dr.  S.  P.  Woodward,  toforty-aevengoaera, 
ten  of  which  are  no  longer  represented  in  tbe  neighbouring  sea. 
namely,  Corbit,  an  African  form,  HittniUt,  now  living  in  Oi^oo- 
Theddium  (  T.  Medil*rran«Hm,  identical  with  the  Hiocene  fowl  ^ 

*  linnean  ProMedinp;  Zoology,  18(0. 
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St.  .luTat^  in  BritUny),  Calyptraa,  Hippon^x,  Nerita,  Erato,  Oliva, 
Ancillaria,  and  Fatciolaria. 

These  tutfe  of  the  Eouthem  ehoreB  of  the  Grand  Canarj^,  con- 
taining the  Upper  Miocene  sheila,  appear  to  be  about  the  eame  age  as 
the  toost  ancient  volcanic  rocks  of  the  island,  composed  of  slaty 
diabase,  pbonolite,  and  trachyte.  Over  the  marine  lavas  and  tn^Ts 
trachy tic  and  basaltic  products  of  snb-aerial  volcanic  origin,  between 
4000  and  5000  feet  in  thickness,  have  been  piled,  the  central  parts 
of  the  Grand  Canary  reaching  the  heights  of  about  6000  feet  above 
the  level  of  the  sea.  Some  lavas  have  a  very  fresh  aspect,  and 
have  been  poured  out  since  the  time  when  the  valleys  were  already 
excavated  to  within  a  few  feet  of  their  present  depth.  They  must 
be  very  modern,  geologically  speaking,  but  being  anterior  to  the 
European  colonization  of  the  Grand  Canary,  their  date  is  unknown. 

A  raised  beach  occurs  at  San  Catalina,  about  a  quarter  of  a  mile 
north  of  Las  Falmas,  which  is  situated  in  the  north-eastern  part  of 
the  island.  It  intervenes  between  the  base  of  the  high  cliff  formed 
of  the  tuffs  with  Miocene  shells  and  the  sea-shore.  From  this 
beach,  elevated  twenty-five  feet  above  bigh-water  mark,  and  at  a 
distance  of  abont  ISO  feet  from  the  shore,  I  obtained,  with  the 
assistance  of  Don  Pedro  Maffiotte,  more  than  fifty  species  of  living 
marine  shells.  Many  of  them,  according  tn  Dr.  S.  F.  Woodward, 
are  no  longer  inhabitants  of  the  contiguous  sea,  as,  for  example, 
Strombui  buboTtiut,  which  is  still  living  on  the  West  Coast  of  Africa, 
and  Cerithiitm  procerus,  found  at  Mozambique  ;  others  are  Medi- 
terranean species,  as  PecUn  Jacobau$  and  P.  polymorpkut.  Some  of 
these  testaceo,  such  as  Cardila  tquamota,  are  inhabitantu  of  deep 
water,  and  the  deposit  on  the  whole  seems  to  indicate  a  depth  of 
water  exceeding  a  hundred  feet. 

Azores. — Id  the  island  of  St.  Mary's,  one  of  the  Atores,  marine 
fossil  shelh  have  long  been  known.  They  are  found  in  the  north- 
east coast  in  a  small  projecting  promontory  called  Ponta  do  Papa- 
gaio  (or  Point-Parrot),  chiefly  in  a  limestone  about  20  feet  thick, 
which  rests  apon,  and  is  again  covered  by,  basaltic  lavas,  scoris, 
and  coi^lomeratee.  The  pebbles  in  the  conglomerate  are  cemented 
together  with  carbonate  of  lime. 

M.  Hartung,  in  his  account  of  the  Aaores,  published  in  1860, 
describes  twenty-three  shells  from  St.  Mary's*,  of  which  eight  per- 
haps are  identical  with  living  species,  and  twelve  are  with  more  or 
less  certainty  referred  to  European  Tertiary  forms,  chiefly  Upper 
Miocene.  One  of  the  most  characteristic  and  abundant  of  the  new 
species,  Cardium  Hartungi,  not  known  as  fossil  in  Europe,  is  very 
common  in  Porto  Santo  and  Baixo,  and  serves  to  connect  the  Miocene 
fanna  of  the  Azores  and  the  Madeiras. 

It  appears  fVom  what  has  been  said  in  tbe  twenty-ninth  and  in  the 
present  chapter,  that  the  volcanic  eruptions  of  Madeira,  the  Canaries, 
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and  the  Azores,  commenced  in  the  Upper  Uiocene  period,  and  eon- 
iinned  down  to  Post-pliocene  tines  :  in  >ome  i«luid«  of  the  Canariau 
and  Acorian  |;rollp^  the  volcanic  6re8  are  not  yet  extinct,  as  the  re- 
corded emptioni  of  Lanzerote,  Teneriffe,  Palma.  St.  Hichael'o.  and 
others  atteaL 

In  each  of  the  three  archipelagos  there  are  proo&  of  Miocene 
submarine  formations  having  been  gradaally  aptifted  darii^  the  oal- 
pouriog  of  sacecMive  lavas,  in  the  same  manner  as  the  Flioceoe 
marine  strata  of  the  oldest  parts  of  Teanvias  and  Etna  have  been 
ufHaised  dnring  eroptions  of  Fosl-tertiarj  dale.  In  the  Grand 
Canary,  in  Teneriffe,  and  in  Fortn  Santo,  I  observed  raised  beaches, 
showing  that  movements  of  elevation  have  in  each  of  tbem  bees 
continaed  down  to  the  Post-tertiary  period. 

LOWER  HIOCEKE  TOLCAKIC  SOCKS. 

TTtt  Eifel. — A  large  portion  of  the  volcanic  roclu  of  the  Lower 
Bbine  and  the  Eifel  are  coeval  vrith  the  Lower  Miocene  depoeita  to 
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which  moat  of  tb«  "  Brcnrn-Conl  "  of  Germnny  belong.  The  Ter- 
tiary Btratft  of  that  nge  are  seen  od  both  sideB  of  the  Rhine,  in  the 
neighbourhood  of  Bonn,  resting  unconformable  on  highly  inclined 
and  vertical  strata  of  Silarian  and  DeTonian  rocks.  Its  geographical 
position,  and  the  space  occupied  by  the  volcanic  rocks,  both  of  the 
Westerwald  and  Eifel,  will  he  seen  by  referring  to  the  map  (fig. 
724.),  for  which  I  am  indebted  to  the  late  Mr  Homer,  whose  resi- 
dence for  some  years  in  the  conntry  enabled  him  to  verify  the  maps 
of  MM.  Noeggerathaad  Von  Oeynhansea,  from  which  that  now  given 
has  been  principally  compiled.* 

The  Brown-Coal  formation  of  that  region  consists  of  I)eds  of  loose 
sand,  sandstone,  and  conglomerate,  clay  with  nodnles  of  clay-Iron- 
Etone,  and  occasionally  silez.  Layers  of  light  brown  and  sometimes 
black  lignite  are  interitratified  with  the  clays  and  sands,  and  often 
irregalarly  diffused  through  them.  They  contain  nomeroua  impres- 
sions of  leaves  and  stems  of  trees,  and  are  extensively  worked  for 
fuel,  whence  the  name  of  the  formation. 

In  several  places,  layers  of  trachytic  taff  are  interstratified,  and  in 
these  tu0u  are  leaves  of  plants  identical  with  those  found  in  the 
brown-coal,  showing  that,  during  the  penod  of  the  accumulation  of 
the  latter,  some  volcanic  products  were  gected, 

H.  Von  Dechen,  in  his  work  on  the  Siebengebirge  ',  has  given  a 
copious  list  of  the  animal  and  vegetable  remains  of  the  freshwater 
sbnta  associated  with  the  brown-coal.  Plants  of  the  genera  FlabtU 
laria,  Ceanothut,  and  Daphnogeiu,  including  D.  dnnamontifoUa 
(fig.  204.,  p.  262.),  occur  in  these  beds,  wiU)  nearly  150  other  plants. 

'llie  fishes  of  the  brown-coal  near  Bono  are  found  in  a  bituminona 
shale,  called  paper-coal,  ftnm  beiug  divisible  into  extremely  thin 
leaves.  The  individuals  am  ybtj  nameroos  t  but  they  appeu"  to 
belong  to  a  small  number  of  species,  some  of  which  were  referred  by 
Agouia  to  the  genera  Leueiictu,  Atpiui,  and  Perea.  The  remains  of 
frogs  also,  of  extinct  species,  have  been  discovered  in  the  paper-coal; 
and  a  complete  series  may  be  seen  in  the  museum  at  Bonn,  IVom  the 
most  imperfect  state  of  the  tadpole  to  that  of  the  full-grown  animal. 
With  these  a  salamander,  scarcely  distinguishable  from  the  recent 
species,  has  been  found,  and  the  remains  ot  many  insects. 

A  vast  deposit  of  gravel,  chiefly  composed  of  pebbles  of  white 
quartz,  but  containing  also  a  few  fragmente  of  other  rocks,  lies  over 
die  brown-coal,  forming  sometimes  only  a  thin  covering,  at  others 
attaining  a  thickness  of  more  than  100  feet.  This  gravel  is  very 
distinct  in  character  from  that  now  forming  the  bed  of  the  Rhine. 
It  is  caUed  "  Eiesel-gerolle  "  by  the  Germans,  often  reaches  great 
elevations,  and  is  covered  in  several  places  with  volcanic  ejections. 
It  is  evident  that  the  conntry  has  nndergone  great  changes  in  its 
physical  geography  since  this  gravel  was  formed  ;  for  its  position 
has  scarcely  any  relation  to  the  existing  drainage,  and  the  great 
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vftlle;  of  the  Rhine  and  all  the  more  modern  volcanic  rockg  of  the 
same  r^ion  are  posterior  to  it  in  date. 

Some  of  the  newest  beds  of  volcanic  gand,  pumice,  and  icoric  tn 
interBtratified  near  Andernach  and  elsewhere  with  the  toain  nlled 
loess,  which  was  before  described  oa  being  full  of  land  and  frediwiter 
sheila  of  recent  Epecies,  and  referable  to  the  Fost-plioceoe  period. 
But  this  intercalation  of  volcanic  matter  between  beds  of  loeu  mtj 
poBsibly  be  expluned  without  supposing  the  last  eruptions  of  the 
Lower  Eifel  to  have  taken  place  ao  recently  as  the  era  of  the  ieps' 
sition  of  the  loess. 

The  igneous  rocks  of  the  Westerwildi,  and  of  the  motintaun  eaUed 
the  Siebengebirge,  consist  partljr  of  basaltic  and  partly  of  twehjtic 
lavas,  the  latter  beii^  in  general  the  more  ancient  of  the  two.  Thne 
are  many  varieties  of  trachyte,  some  of  which  are  highlyeryBtilUw, 
resembling  a  coarse-grained  granite,  with  large  separate  crysUli  of 
felspar.  Trachyttc  toff  is  also  very  abundant.  These  formatioat. 
some  of  which  were  certainly  contemporaneous  with  the  origin  of 
the  brown-coal,  were  the  first  of  a  long  series  of  eruptions,  the 
more  recent  of  which  happened  when  the  country  had  aeqniitJ 
nearly  all  its  present  ge<%raphical  features. 

Newer  wAcanot  of  the  Eifel. — Lake-cratert. — Aa  I  recogniwd 
in  the  more  modern  volcanos  of  the  Eifel  characters  disliDCl  fnn 
any  previously  observed  by  me  in  those  of  France,  Italy,  or  Sptis,  > 
shall  briefly  describe  them.  The  fundamental  rocks  of  the  district 
are  grey  and  red  saadstones  and  shales,  with  some  associated  liw- 
stones,  replete  with  fossils  of  the  Devonian  or  Old  Red  Sandilow 
group.  The  volcanos  broke  out  in  the  midstof  these  inclined  strttt, 
and  when  the  present  systems  of  hills  and  valleys  had  already  heu 
formed.  The  eruptions  occurred  sometimes  at  the  bottom  of  detp 
valleys,  sometimes  on  the  summit  of  bills,  and  frequently  os  islei* 
vening  platforms.  In  travelling  through  this  district  we  ofWo  fill 
upon  them  most  unexpectedly,  and  may  find  ourselves  on  the  ntj 
edge  of  a  crater  before  we  bad  been  led  to  snspect  that  w<  ««* 
approaching  the  site  of  any  igneous  outburst.  Thus,  for  ezuii|ik. 
on  arriving  at  the  village  of  Gemund,  immediately  south  of  Duo- 
we  leave  the  stream,  which  flows  at  the  bottom  of  a  deep  valley  ■■ 
which  strata  of  sandstone  and  shale  crop  out.  We  then  clim''* 
steep  hill,  on  the  surface  of  which  we  see  the  edges  of  the  tUt 
Strata  dipping  inwards  towards  the  mountain.  When  we  bsFc 
ascended  to  a  considerable  height,  we  see  fragments  of  scoriK  spK- 
ingly  scattered  over  the  surface ;  until,  at  length,  on  reaching  iht 
summit,  we  find  ourselves  suddenly  on  the  edge  of  a  tarn,  oi  dttp 
circular  lake-basin  (see  fig.  725.). 

This,  which  is  called  the  Gemunder  Maar,  is  one  of  three  \A» 
which  are  in  immediate  contact,  the  same  ridge  fanning  the  barrier 
of  two  neighbonring  cavities.  On  viewing  the  first  of  these  (Bg.  72<SV 
we  recognise  the  ordinary  form  of  a  crater,  for  which  we  have  ben 
prepared  by  the  occurrence  of  scoriss  scattered  over  the  surface  o{ 
the  soil    But  on  examining  the  wMU  of  the  crater  we  find  |»«^pi<^ 
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of  Bsodstone  and  shale  which  exhibit  do  signs  of  the  action  of  heat ; 
and  we  look  in  vain  for  those  beds  of  lava  and  scoriEB,  dipping  out- 
warda  on  every  aide,  which  we  have  been  accustomed  to  conaider  aa 
characteristic  of  volcanic  vents.  As  we  proceed,  however,  to  the 
opposite  side  of  the  lake,  and  afterwarde  visit  the  craters  c  and  d 
(fig.  726.),  we  find  a  considerable  qaantity  of  scoria;  and  eome  lava, 
and  Bee  the  whole  surface  of  the  soil  sparkling  with  volcanic  aand, 
and  strewed  with  ejected  fragments  of  half-fused  shale,  which  pre* 
aerves  ita  laminated  texture  in  the  interior,  while  it  has  a  vitrified 
or  scoriform  coating. 

A  few  milea  to  the  south  of  the  lakes  above  mentioned  occurs  the 
Palvermaar  of  Gillenfeld,  an  oval  Take  of  very  regular  form>  and 
surrounded  bj  an  unbroken  ridge  of  fragmentarj  materials  consist- 
ing of  ejected  shale  and  saodRtone,  and  preserving  a  uniform  height 
of  about  150  feet  Above  the  water.  The  slope  in  the  interior  is  at 
an  angle  of  about  45  degrees  ;  on  the  exterior,  of  35  degrees.  Vol- 
canic substances  are  intermised  very  sparingly  with  the  ejections, 
which  in  this  place  entirely  conceal  iVom  view  the  stratified  rocks  of 
the  country." 

The  Meerfelder  Maar  is  a  cavity  of  far  greater  siie  and  depth, 
hollowed  ont  of  similar  strata  ;  the  sides  preaentisg  some  abrupt 
sections  of  inclined  secondary  rocks,  wbich  in  other  places  are  buried 
under  vast  heaps  of  pulverized  shale.  I  could  discover  no  econm 
amongst  the  ejected  materials,  but  balls  of  olivine  and  other  volcanic 
aubstancea  are  mentioned  as  having  been  found.f  This  cavity,  wbieh 
-we  mast  suppose  to  have  discharged  an  immense  volume  of  gas,  is 

*  Scrape,  Edin.  Joam.  of  Sdencc.  t  Ribbert,  Eztiact  Toloaaot  of  the 
JddC.  1S2G,  p.  145.  Bhi]i«,  p.  34. 
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nearly  ft  mile  in  diameter,  and  ia  said  to  be  more  than  one  hundred 
fathoms  deep.  In  the  neighbourhood  is  a  mountain  called  the  Moscn- 
berg,  which  consists  of  red  sandstone  and  shale  in  its  lower  parts, 
but  supports  on  its  summit  a  triple  volcanic  cone,  while  a  distinct 
cuiTent  of  lava  is  seen  descending  the  flanks  of  the  mountain.  The 
edge  of  the  crater  of  the  largest  cone  reminded  me  much  of  the  fonn 
and  characters  of  that  of  Vesuvius  ;  but  I  was  much  struck  with  the 
precipitous  and  almost  overhanging  wall  or  parapet  which  tbescorix 
presented  towards  the  exterior,  as  at  a  fr  (fig.  727.) ;  which  I  can 


only  explain  by  supposing  that  fragments  of  red-hot  lava,  aa  they 
fell  round  the  vent,  were  cemented  together  into  one  compact  mass, 
in  consequence  of  continuing  to  be  in  a  half-melted  state. 

If  we  pass  from  the  Upper  to  the  Lower  Eifel,  from  a  to  b  (see 
Map,  p.  670.),  we  find  the  celebrated  Inke-craterofLaach,  which  baa 
a  greater  resemblance  than  any  of  those  before  mentioned  to  tin 
L^o  di  Bolsena,  and  others  in  Italy,  being  surrounded  by  a  ridge 
of  gently  sloping  hilts,  composed  of  loose  tuffs,  scoriK,  and  blocks  of 
a  variety  of  lavas. 

One  of  the  most  interesting  volcanos  on  the  leA  bank  of  the  Bhios 
near  Bonn  is  called  the  Roderberg.  It  forms  a  circular  crater  nearij 
a  quarter  of  a  mile  in  diameter,  and  100  feet  deep,  now  covered  wilh 
fields  of  corn.  The  highly  inclined  strata  of  ancient  sandstone  and 
shale  rise  even  to  the  rim  of  one  side  of  the  crater  ;  but  they  tri 
overspread  by  quartzose  gravel,  and  this  again  i^  covered  by  volcanic 
scorifB  and  tufaceons  sand.  Xbe  opposite  wall  ef  the  crater  is  o«a- 
posed  of  cinders  and  scorified  rock,  like  that  at  the  summit  of  Yesa- 
viuB.  It  is  quite  evident  that  the  eruption  in  this  case  burst  thro^ 
the  sandstone  and  alluvium  which  immediately  overlies  it ;  and  I 
observed  some  of  the  quartz  pebbles  mixed  with  scorite  oo  ibe 
flanks  of  the  mountain,  as  if  they  had  been  cast  up  into  the  air,  sod 
had  fallen  again  with  the  volcanic  ashes.  I  have  already  obserred, 
that  a  large  part  of  this  crater  has  been  filled  np  wilh  the  loess. 

The  most  striking  peculiarity  of  a  great  many  of  the  craters  above 
described,  is  the  absence  of  any  signs  of  alteration  or  torrefaction  in 
their  walls,  when  these  are  composed  of  regular  strata  of  incieBt 
sandstone  and  shale.  It  is  evident  that  the  summits  of  hills  formed 
of  the  above-mentioned  stratified  rocks  have,  in  some  cases,  ben 
carried  away  by  gaseous  explosions,  while  at  the  some  tine  no  Ian. 
and  often  a  very  small  quantity  only  of  scoriae^  hoa  cecaped  fron  the 
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newlj  formed  cavity.  There  is,  indeed,  no  feature  in  tbe  Eifel  vol- 
canoa  more  worth]-  of  note,  thui  the  proofs  they  ftflbrd  of  verj 
copious  eeriform  dischargea,  nnaccompBaied  bj  tbe  pouring  out  of 
melted  mRtter,  except,  here  and  there,  in  very  insignificknt  Tolume. 
I  know  of  no  other  extinct  volcanos  where  gaseous  explosions  of  such 
magnitude  have  been  attended  hj  the  emiesion  of  bo  small  a  quantity 
of  lava.  Tet  I  looked  in  Tain  in  the  Eifel  for  anj  appearanceB 
which  conld  lend  support  to  the  hypothesis,  that  the  sudden  rushing 
oat  of  such  enonnoDB  Tolnmes  of  gad  had  ever  lifted  up  the  stratifi^ 
rocks  immediately  around  the  vent,  so  as  to  form  conical  masses, 
liaving  their  strata  dipping  outwards  on  all  sides  from  a  central  axis, 
S8  is  asanmed  in  the  theory  of  elevation  craters,  alluded  to  in  Chap, 
XXIX. 

Tra$*. — In  the  Lower  Eifel,  eruptions  of  trachytic  lava  preceded 
the  emission  of  currents  of  basalt,  and  immense  quantities  of  pumice 
were  thrown  out  wherever  trachyte  issued.  The  tnfaceous  alluvium 
called  trtut,  which  has  covered  lat^e  areas  in  this  region  and  choked 
up  some  valleya  now  partially  re-cxcavated,  is  nnstratified.  Its  base 
consists  almost  entirely  of  pumice,  in  which  are  included  fragments 
of  basalt  and  other  lavas,  pieces  of  burnt  shale,  slate,  and  sandstone, 
and  numerous  trunks  and  branches  of  trees.  If,  as  is  probable,  this 
trass  was  formed  during  the  period  of  volcanic  eruptions,  it  may  have 
originated  in  the  manner  of  tbe  moya  of  the  Andes. 

We  may  oasily  conceive  that  a  similar  mass  might  now  be  pro- 
duced, if  a  copious  evolution  of  gases  should  occur  in  one  of  the  lake- 
basins.  The  water  might  remain  for  weeks  in  a  state  of  violent 
ebullition,  until  it  became  of  the  consistency  of  mud,  juat  as  the  sea 
continued  to  be  charged  with  red  mud  round  Graham's  Island,  in  the 
Mediterranean,  in  the  year  1831.  If  a  breach  should  then  be  made 
in  the  side  of  the  cone,  the  flood  would  sweep  away  great  heaps  of 
ejected  fragments  of  shale  and  sandstone,  which  would  be  borne 
down  into  tbe  adjoining  valleys.  Forests  might  be  torn  up  by  such 
a  flood,  and  thas  the  occurrence  of  the  numerous  trunks  of  trees  dis- 
persed irregularly  through  the  trass,  can  be  explained. 

The  manner  in  which  this  trass  conforms  to  the  shape  of  the 
present  valleys  implies  its  comparatively  modem  origin,  probably 
not  dating  farther  back  than  the  Fost-pliocene^  or,  at  farthest, 
the  tHewer  Pliocene  period.  Of  like  modern  date  are  numerous 
perfect  cones  of  scoris  and  some  streams  of  lava  which  occur  in  the 
Eifel,  as,  for  example,  the  Bmall  cones  with  craters  near  Andemach, 
on  the  left  bank  of  the  Rhine,  and  the  columnar  lava  of  Bertricb- 
Baden,  between  Treves  and  Cobleutz,  of  which  I  have  given  a  flgure 
at  p.  612. 

Hungary. — M.  Beudant,  in  his  elaborate  work  on  Hungary,  de- 
scribes five  distinct  groups  of  volcanic  rocks,  which,  although  no- 
where of  great  extent,  form  striking  features  in  the  physical  geo- 
graphy of  that  country,  rising  as  they  do  abruptly  from  extensive 
plains  composed  of  tertiary  strata.  They  may  have  constituted 
islands  in  the  ancient  sea,  as  Ssntorin  and  Milo  now  do  in  tbe  Gre- 
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ciim  Arcbipel&go  ;  and  M.  Beadant  ban  remarked  that  the  mineral 
products  of  the  last-raentioned  islands  resemble  remarkably  those  of 
the  Hungarian  extinct  volcanos,  wbere  many  of  the  same  minerals, 
as  opal,  calcedony,  resinous  Bilex  {xilex  resiniu),  pearlite,  obeidiui, 
and  pitchstone  abound. 

The  Hungarian  lavas  are  chiefly  felspathic,  consisting  of  different 
varieties  of  trachyte ;  many  are  cellular,  and  used  as  miUstoDes ; 
some  BO  porous  and  even  scoriform  as  to  resemble  those  which  We 
issued  in  the  open  air.  Pumice  occurs  in  great  quantity  ;  and  there 
are  conglomerates,  or  rather  breccias,  wherein  fragments  of  trachyte 
are  bound  together  by  pumiceous  tuff,  or  sometimea  by  eilex. 

It  is  probable  that  these  rocks  were  permeated  by  the  waters  of 
hot  springs,  impregnated,  like  the  Greysers,  with  silica ;  or,  in  aoms 
instances,  perhaps  by  aqueous  vapours,  which,  like  those  of  Lance- 
rote,  may  have  precipitated  hydrate  of  silica. 

By  the  influence  of  such  springs  or  vapours  the  trunks  and 
branches  of  trees  washed  down  during  floods,  and  buried  in  tuffs  on 
the  flanks  of  the  mountains,  are  supposed  to  have  become  silicifieii. 
It  is  scarcely  possible,  says  M.  Beudant,  tj>  dig  into  any  of  the 
pamiceouB  deposits  of  these  mountains  without  meeting  with  optlind 
wood,  and  sometimes  entire  silicified  trunks  of  trees  of  great  £tie 
and  weight. 

It  appears  from  the  species  of  shells  collected  principally  by  M. 
Boue,  and  examined  by  M.  Deshaycs,  that  the  fossil  remains  en- 
bedded  in  the  volcanic  tuffs,  and  in  strata  alternating  with  them  in 
Hungary,  are  of  the  Miocene  type,  and  not  identical,  as  was  formerly 
supposed,  with  the  fossils  of  the  Paris  basin. 
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CHAPTER  XXXII. 

OK  THE  DIFFESEHT  AQES  OF  THE  VOLCANIC  KOCKI Continued. 

Volcanic  rock*  of  the  Tertiuy  period,  continued — Extinct  toIcuios  of  AuTsr^e — 
Uont  Dor — Brecciu  sad  sllnviuma  of  Mont  Perrier,  wilil  bone*  of  qnadrupeda 
— BiTer  dammed  up  bf  kva^^nirent — Bange  of  minor  conei  from  Aniergne  to 
the  ViTsnus — Monta  Dome — Pay  de  Cdmc — Pnj  de  Pariou — Conei  not  de- 
nuded by  general  flood — Lower  Miocene  volcanic  rocki  near  Clermonl — Hill  of 
GergoTia — Eocene  Toleaaic  Tock<  of  Monto  Bolca — Trap  of  Creiaceont  period 
— Oolitic  period^Kew  Red  S»nditone  period— Carbon iferon*  period^"  Rock 
and  Spindle"  near  St.  Andrew's — Old  Red  Sanditone  period — SiLuiian  period 
— Cambrian  period — Laorentian  ToIcaaic  rocka. 

Volcanic  Rocks  of  Auvergne. — Th£  extinct  volcanoa  of  Auvergne 
and  Cantal  in  Central  France,  seem  to  have  conunenced  their  erup* 
tions  in  the  Lower  Miocene  period,  but  to  have  been  most  active 
during  the  Upper  Miocene  and  Pliocene  eras.  I  have  already 
alluded  to  the  grand  succeseion  of  events,  of  which  there  is  evidence 
in  Auvergne  since  (he  last  retreat  of  the  sea  (see  p.  226.). 

The  earliest  monuments  of  the  tertiary  period  ic  that  region  are 
lacustrine  deposits  of  great  thickness  (2,  fig.  72S.  p.  679.),  in  the 
lowest  conglomerates  of  which  are  rounded  pebbles  of  quartz,  mica* 
schist,  granite,  and  other  non-volcanic  rocks,  without  the  slightest 
intermixture  of  igneous  products.  To  these  conglomerates  succeed 
argillaceous  and  calcareous  marls  and  limestones  (3.  fig.  728.),  con- 
taiuBg  Lower  Miocene  shells  and  bones  of  mammalia,  the  higher 
beds  of  which  sometimes  alternate  with  volcanic  tuff  of  contempo- 
raneous origin.  After  the  filling  up  or  drainage  of  the  ancient 
lakes,  huge  piles  of  trachyiic  and  basaltic  rocks,  with  volcanic 
breccias,  accumulated  to  a  thickness  of  several  thousand  feet,  and 
were  superimposed  upon  granite,  or  the  contiguous  lacustrine 
strata.  The  greater  portion  of  these  igneous  rocks  appear  to  have 
originated  during  the  Upper  Miocene  and  Pliocene  periods ;  and 
extinct  quadrupeds  of  those  eras,  belonging  to  the  genera  Mastodon, 
Rhinoceros,  and  others,  were  buried  in  ashes  and  beds  of  alluvial 
sand  and  gravel,  which  owe  their  preservation  to  overspreading 
sheets  of  la  va- 
in Auvergne,  the  most  ancient  and  coDspicuous  of  the  volcanic 
masses  is  Mont  Dor,  which  rests  immediately  on  the  granitic  rocks 
standing  apart  from  the  ft^shwater  strata.*    This  great  mountain 


*  Sm  the  Hap,  p.  191. 
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risea  suddenly  to  tbo  height  of  several  thousand  feet  above  the  sor- 
Tounding  platform,  and  retains  the  shape  of  a  flattened  and  somewhat 
irregular  cone,  all  the  sides  sloping  mora  or  less  rapidly,  until  their 
inclination  is  gradually  lost  in  the  high  plain  around.  This  cone  ia 
composed  of  layers  of  scorite,  pa  mice-stones,  and  their  fine  detritus, 
vith  interposed  beds  of  trachyte  and  basalt,  which  descend  often  in 
uninterrupted  sheets  until  they  reach  and  spread  themselves  round 
the  base  of  the  mountain.*  Conglomerates,  also,  composed  of  angu- 
lar and  rounded  fragments  of  igneous  rocks,  are  observed  to  alter- 
nate with  the  above ;  and  the  various  masses  are  seen  to  dip  off 
from  the  central  axis,  and  to  lie  parallel  to  the  sloping  flanks  of  the 
mountain. 

Tfaesnmmitof  Mont  Dor  terminates  in  seven  or  eight  rockjpeak^ 
where  no  regular  crater  can  now  be  traced,  but  where  we  may  easily 
imagine  one  to  have  existed,  which  may  have  been  shattered  by 
earthquakes,  and  have  sufiered  degradation  by  aqneoua  ageuts.  Ori- 
ginally, perhaps,  like  the  higest  crater  of  Etna,  it  may  have  formed 
an  insignificant  feature  in  the  great  pile,  and  may  frequently  have 
been  destroj'ed  and  renovated. 

According  to  some  geologists,  this  mountain,  as  well  as  TesnTJns, 
Etna,  and  all  large  volcanos,  has  derived  its  dome-like  form  not 
fVom  the  preponderance  of  eruptions  from  one  or  more  ceotnl 
points,  but  from  the  upheaval  of  horizontal  beds  of  lava  and  scoria 
I  have  explained  my  reasons  for  objecting  to  this  view  in  Chip> 
■  XXIX.,  when  speaking  of  Pslma,  and  in  the  "Principles  of  Geo- 
logj.^t  The  average  inclination  of  the  dome-shaped  mass  of  Mont 
Dor  is  8°  6',  whereas  in  Mounts  Loa  and  Kea,  before  mentioned,  in 
the.  Sandwich  Islands  (see  fig.  693.  p.  617.),  the  flanks  of  iriiicli 
have  been  raised  by  recent  lavas,  we  find  from  Mr.  Dana's  descrip- 
tion that  the  one  has  a  slope  of  6°  Stf,  the  other  of  7"  46'.  TTiereis 
therefore  no  reason  whatever  for  imagining,  as  some  have  snpposed, 
that  the  basaltic  cuirents  of  the  ancient  French  volcano  were « 
first  more  horizontal  than  they  are  now.  Nevertheless  it  is  poesble 
that  during  the  long  scries  of  eruptions  required  to  give  rise  to  h 
vast  a  pile  of  volcanic  matter,  which  is  thickest  at  the  summit  or 
centre  of  the  dome,  some  dislocation  and  upheaval  took  place  ;  vti 
during  the  distension  of  the  mass,  beds  of  lava  and  scoris  may,  in 
some  places,  have  acquired  a  greater,  in  others  a  less  inclination,  this 
that  whieh  at  first  belonged  to  them. 

Hea peeling  the  age  of  the  greatmassof  Mont  Dor,  we  cannot  conr 
nt  present  to  any  positive  decision,  because  no  organic  remains  h»n 
yet  been  found  in  the  tuffs,  except  impressions  of  the  leaves  of  trees 
of  species  not  yet  determined.  W«  may  confidently  assume  tbsC  tit 
earliest  eruptions  were  posterior  in  origin  to  those  grits  and  con- 
glomerates of  the  freshwater  formation  of  the  Limsgne  whieh  roB- 
tain  no  pebbles  of  volcanic  rocks  ;  while,  on  the'other  band,  some 
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eraptioDB  took  pldce  before  the  great  lakes  were  drained,  and  others 
occarred  after  the  desiccation  of  those  laket,  and  when  deep  valleys 
had  already  been  excavated  through  freshwater  strata. 


n  tba  ••ILif  grthn  Coma  *t  Nechen  [tirough  Usui  Firrier  mud  Iiiiiln,  In  Iha  VtKtj 
ID  IdfKommt  Of  TarttrMstu  Iti  tmnlD^     t   Lower  bon^bad  of  ParrWr   ochnooi  land 

t  BbDpbad  rt4  uii4r  cUj  uodar  thalaia  of     *■  B*h£iii  dik< 

TirurM.  *   Brudlk  nlufonn 

■■  Bona-lHd  DttSa  Td«  da  Boolida.  *.  Upper    frribwuer  badi,  IbmatMUB.'  matl, 

&  AlloTlaii  ifltb  boata  of  klppopoUiwu.  1.  Lover  ftwbvaiac  rormalloii,  nl  ilij,  iraaa 

le  TrachittcbraKlaraHiiiblfaiSa.  •Miri.Ac. 

1  k  Upper  booa Jied  of  Parrlar,  intal.  kt.  I.  Oraalu. 

(a.  PtirDteeDuah(fcciaandcoiiBlaiiienic,aafi^ 
lar  maiaea  of  tracbj  le,quarti,  pvbbLea,  &  c. 

Iq  the  above  section  I  have  endeavonred  to  explain  the  geological 
structure  of  a  portion  of  Anvergne,  which  I  re-examined  in  1843.* 
It  maj  convey  some  idea  to  the  reader  of  the  long  and  complicated 
series  of  events  which  have  occurred  in  that  conntrj,  since  the  first 
Ucustrine  strata  (No.  2.)  were  deposited  on  the  granite  (No.  1.). 
The  changes  of  which  we  have  evidence  are  the  more  striking,  be- 
caase  they  imply  great  denudstioo,  without  there  being  any  proof) 
of  the  intervention  of  the  eea  during  the  whole  period.  It  will  be 
seen  that  the  upper  iresbwater  beda  (No.  3.),  once  formed  in  a  lake, 
must  have  suffered  great  destruction  before  the  excavation  of  the 
valleys  of  the  Couze  and  Allier  had  begun.  In  these  freshwater 
beds,  Lower  Miocene  fossils,  as  described  in  Chap.  XV.,  hare  been 
found.  The  basaltic  dike,  4',  is  one  of  many  examples  of  the  intru- 
sion of  volcanic  matter  throagh  the  ancient  freshwater  beds,  and 
may  have  been  of  Miocene  or  Pliocene  date,  giving  rise,  when  it 
reached  the  surface  and  overflowed,  to  eoch  platforms  of  basalt  as 
often  cap  the  tertiary  hills  in  Anvergne,  and  one  of  which  (4)  is  seen 
on  MoDt  Perrier. 

It  not  unfrequcntly  happens  that  beds  of  gravel  containing  bones) 
of  extinct  mammalia  are  detected  under  these  very  ancient  sheets  of 
basalt,  as  between  No,  4.  and  the  freshwater  strata.  No.  3.,  at  a., 
from  which  it  is  clear  that  the  surface  of  No.  3.  formed  at  that  period 
the  lowest  level  at  which  the  waters  then  draining  the  country  flowed. 
Next  in  age  to  this  basaltic  platform  comes  apatchof  ochreous  sand 
and  gravel  (No.  5.),  containing  many  bones  of  qnadrupeds.  Upon 
this  rests  a  pnmiceous  breccia  or  conglomerate,  with  angular  masses 
of  trachyte  and  some  quartz  pebbles.  This  deposit  is  followed  by  5  i 
(which  is  similar  to  5)  and  5  c  similar  to  the  trachytic  breccia  5  a. 
These  two  breccias  are  supposed,  from  their  similari^  to  others  found 
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OQ  Mont  Dor,  to  have  deecended  from  the  flanks  of  that  mountain 
during  ernptions ;  and  the  interstrtitified  alluvial  deposits  contain 
the  remains  of  mastodon,  rhinoceros,  tapir,  deer,  bearer,  and  quadru- 
peds of  other  genera,  referable  to  about  fort^r  species,  all  of  which 
are  extinct  I  formerly  supposed  them  to  belong  to  the  same  eraas 
the  Miocene  faluns  of  Touroine  ;  but  more  recent  researches  aeaa 
to  show  that  they  onght  rather  to  be  ascribed  to  the  older  Pliocene 
epoch. 

Whatever  be  their  date  in  the  tertiary  series,  they  are  qnadropeda 
which  inhabited  the  country  when  the  formations  5  and  5  e  ori- 
ginated. Frobably  they  were  drowned  during  floods,  such  as  rash 
down  the  flanks  of  volcanos  during  eruptions,  when  great  bodies  of 
steam  are  emitted  from  the  crater,  or  when,  as  we  have  seen,  both  on 
Etna  uid  in  Iceland  in  modern  times,  large  masses  of  snow  are  sud- 
denly melted  by  lava,  causing  a  deluge  of  water  t«  bear  down  frag- 
ments of  igneous  rocks  mixed  with  mud  to  the  volleys  and  plaios 
below. 

It  will  be  seen  that  the  valley  of  the  lasoire,  down  which  these 
ancient  inundations  swept,  was  first  excaviLted  at  the  expense  of  the 
formations  2,  3,  and  4,  and  then  tilled  up  by  the  masses  5  and  5  e, 
after  which  it  was  re-excavated  before  the  more  modem  aUoviomi 
(Kos.  6  and  7.)  were  formed.  In  these  again  other  fossil  mainmalit 
of  distinct  species  have  been  detected  by  U.  Bravard,  the  b<»tes  of 
an  hippopotamus  having  been  found  among  the  rest. 

At  length,  when  the  valley  of  the  Allier  was  eroded  at  Issoirt 
dovrn  to  its  lowest  level,  a  talus  of  angular  fragments  of  basalt  and 
freshwater  limestone  (No.  8.)  was  formed,  called  theboae-bed  of  ilie 
Tour  de  Boulade,  from  which  a  great  many  other  Xewer  Pliocene 
mammalia  have  been  collected  by  MM.  Bravard  and  FomeL 
Among  these,  the  Elepkaa  printigenivt,  Rhinaeerot  ttchorhM, 
Deer  (including  rein-deer),  Equus,  Bot,  Antelope,  Felit,  and  Canii 
were  included.  Even  this  deposit  seems  hardly  to  be  the  newest 
in  the  neighbourhood,  for  if  we  cross  from  the  town  of  Issoirt 
(see  flg.  728.)  over  Mont  Perrier  to  the  adjoining  valley  of  ibe 
Couze,  we  find  another  bone-bed  (No.  9.)  overlaid  by  a  cnneDt  of 
lava  (No.  10.). 

The  history  of  this  lava-current,  which  terminates  afew  hundred 
yards  below  the  point.  No.  10.,  in  the  suburbs  of  the  vill^  of 
Nechers,  is  interesting.  It  forms  a  long  narrow  stripe  more  tbin  13 
miles  in  length,  at  the  bottom  of  the  valley  of  the  Couse,  whirli 
fiows  out  of  a  lake  at  the  foot  of  Mont  Dor.  This  lake  is  caowd 
by  a  barrier  thrown  across  the  ancient  channel  of  the  CoaiK 
consisting  partly  of  the  volcanic  cone  called  the  Puy  de  Tartare'. 
formed  of  loose  scoriie,  from  the  base  of  which  has  iaaoed  the  Uts- 
current  before  mentioned.  The  materials  of  the  dam  which  blocked 
np  the  river,  and  caused  the  Lac  de  Chambon,  are  also^  in  part,  de< 
rived  from  a  landslip  which  may  have  happened  at  the  time  of  the 
great  eruption  which  formed  the  cone. 

This  coneofTartaret  afibrds  an  impressive  monument  of  the  vccy 
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difiereot  datei  at  which  the  igneouB  eruptions  of  Auver^DO  have 
happened ;  for  it  was  evidently  thrown  up  at  the  bottom  of  the  exiet- 
ing  valley,  which  is  bounded  by  lofty  precipices  composed  of  sheets 
of  ancient  columnar  trachyte  and  basalt,  which  once  f  owed  at  very 
high  levels  from  Mont  Dor.' 

When  we  follow  the  course  of  the  river  Conze,  from  its  source  in 
the  lake  of  Chsmbon  to  the  termination  of  the  lava-curreat  at 
Nechers,  a  distance  of  thirteen  miles,  we  find  that  the  torrent  has  in 
most  placeB  cut  a  deep  channel  throagh  the  lava,  the  lower  portion  of 
which  is  columnar,  la  some  narrow  gorges  the  water  baa  even  bad 
power  to  remove  the  entire  mass  of  basaltic  rock,  though  the  work 
of  erosion  must  have  been  very  slow  as  the  basalt  is  tougb  and 
hard,  and  one  column  after  another  must  have  been  nndermined 
and  reduced  to  pebbles,  and  then  to  eand.  During  the  time  re- 
quired for  this  operation,  the  perishable  cone  of  Tartaret,  composed 
of  sand  and  ashes,  has  stood  uninjured,  proving  that  no  great  flood 
or  deluge  can  have  passed  over  this  region  in  the  interval  between 
the  eruption  of  Tartaret  and  our  own  times. 

If  we  now  return  to  the  section  (fig.  728,),  I  may  observe  that  the 
lava^corrent  of  Tartaret,  which  has  diminished  greatly  in  height  aod 
volume  near  its  termination,  presents  hei'e  a  steep  and  perpendicnlar 
face  25  feet  in  height  towards  the  river.  Beneath  it  is  the  alluvium 
No.  9.,  consisting  of  a  red  sandy  clay,  which  must  have  covered  the 
bottom  of  the  vaJley  when  the  current  of  melted  rock  flowed  down. 
The  bones  found  in  this  alluvinin,  which  I  obtuned  myself,  consisted 
of  a  species  of  field-mouse,  Anicola,  and  the  molar  tooth  of  an  ex- 
tinct horse,  JCqiiut  fouilit.  The  other  species,  obtained  from  the 
same  bed,  are  referable  to  the  genera  Stit,  Bot,  Cervut,  Felis,  Canit, 
Marltt,  Talpa,  Sorex,  Leput,  Sciurut,  Mui,  and  Lagomyt,  in  all  no 
less  than  forty-three  species,  all  closely  allied  to  recent  animals,  yet, 
nearly  all  of  them,  according  to  M.  Bravard,  showing  some  points  of 
difi'erence,  like  those  which  Mr.  Owen  discovered  in  the  case  of  the 
horse  above  alluded  to.  The  bones  also  of  a  frog,  snake,  and  liisrd, 
and  of  several  birds,  were  associated  with  the  fossils  before  enn- 
merated,  and  several  recent  land-shells,  such  as  Cyeloiloma  elegant. 
Helix  Aortentit,  H.  nemoralit,  H.  lapicida,  and  Claurilia  rugosa.  If 
the  animals  were  drowned  by  floods,  which  accompanied  the  eruptions 
t>f  the  Fuy  de  Tartaret,  they  would  give  an  exceedingly  modem 
geological  date  to  that  event,  which  must,  iu  tbnt  case,  have  belonged 
to  the  end  of  the  Newer  Pliocene,  or,  perhaps,  to  the  Post-pliocene 
period.  That  the  current  which  has  issued  from  the  Puy  de  Tartaret 
may,  nevertheless,  be  very  ancient  in  reference  to  the  events  of  human 
history,  we  may  conclude,  not  only  from  the  divergence  of  the  mam- 
miferouB  fauna  from  that  of  our  day,  but  from  the  fact  that  a  Roman 
bridge  of  such  form  and  construction  as  continued  in  use  down  to 
the  fifth  century,  but  whicb  may  be   older,  is  now  seen  at  a  place 
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about  a  mile  and  a  half  from  St  Nectaire.  ThU  ancient  bridge 
spans  the  river  Couze  with  two  arches,  each  about  14  feet  wide. 
These  arches  spring  from  the  lavaof  Tartaret,oa  both  banks,  show- 
ing that  a  ravine  precisely  like  that  aov  existing,  had  alreftd/been 
excavated  by  the  river  through  that  lava  thirteen  or  fourteea  cen- 
turies ago. 

In  Central  France  there  are  several  hundred  minor  cones,1ike  tlit 
of  Tartaret,  a  great  number  of  which,  like  Monte  Nuovo,  near  Naples, 
may  have  been  principally  due  to  a  single  eruption.  Host  of  tiiM 
conea  range  in  a  linear  direction  from  Auvergne  to  the  Vivarais, urd 
they  were  fitithfully  described  ao  early  as  the  year  1802,  by  M.  de 
Moutloaier.  They  have  given  rise  chiefly  to  currents  of  bualut 
lava.  Those  of  Auvergne  called  the  Monts  Dome,  placed  on  a  gra- 
nitic platform,  form  an  irregular  ridge  (see  fig.  624,  p.  589.),  aboDl  M 
miles  is  length  and  2  in  breadth.  They  are  usually  traocaled  li 
the  sumiuit,  where  the  crater  is  often  preserved  entire,  the  lava  bating 
issued  from  the  base  of  the  hill.  But  frequently  the  crater  is  brotn 
down  on  one  side,  where  the  lava  has  flowed  out.  The  hills  ore  com- 
posed of  loose  seoris,  blocks  of  lava,  lapilli,  and  pounolana,  wiili 
fragments  of  trachyte  and  granite. 

Puy  de  Came. — The  Puy  de  Cdme  and  its  lava-current,  K** 
Clermoiit,  may  be  mentioned  as  one  of  these  minor  volcanoe.  This 
conical  hill  rises  from  the  granitic  platform,  at  an  angle  of  beticeea 
3(P  and  40%  to  the  height  of  more  than  900  feet.  Its  summit  pre- 
sents two  distinct  craters,  one  of  them  with  a  vertical  depth  of  231 
feet.  A  stream  of  lava  takes  its  rise  at  the  western  base  of  the  hill 
instead  of  issuing  from  either  crater,  and  descends  the  granitic  tl«(* 
towards  the  present  site  of  the  town  of  Pont  Gibaud.  Thence  it 
pours  in  a  broad  sheet  down  a  steep  declivity  into  the  valley  of  t*" 
Sioiile,  filling  the  ancient  river-channel  for  the  distance  of  moK  tbu 
a  mile.  The  Sioule,  thus  dispossessed  of  its  bed,  has  worked  ants 
fre^h  one  between  the  lava  and  the  granite  of  its  western  bank ;  u^ 
the  excavatioD  has  disclosed,  in  one  spot,  a  wall  of  columnar  bwlt 
about  50  feet  high." 

The  excavation  of  the  ravine  is  still  in  ppc^ress,  every  winter  up* 
columns  of  basalt  being  undermined  and  carried  down  the  ehtnaei 
of  the  river,  and  in  the  course  of  a  few  miles  rolled  to  sand  »bJ 
pebbles.  Meanwhile  the  cone  of  Cdme  remains  unimpaired,  it> 
loose  materials  being  protected  by  a  dense  vegetation,  and  the  hiU 
standing  on  a  ridge  not  commanded  by  any  higher  ground,  so  Aal 
no  floods  of  rain-water  can  descend  upon  it.  There  is  no  end  to  ^^ 
waste  which  the  hard  basalt  may  undergo  in  future,  if  the  phjsic^ 
geography  of  the  country  continue  unchanged,  no  limit  to  the  nnmber 
of  years  during  which  the  heap  of  incoherent  and  transportsbl' 
materials  called  the  Puy  de  Cdme  may  remain  in  a  stationary  con- 
dition. In  this  place,  therefore,  we  behold  in  the  reault*  of  aq«««' 
and  atmospheric  agency  in  past  times,  S  counterpart  of  what  we 
must  expect  to  recur  in  future  ages. 

■  Sorope*!  Ceotnl  France,  p.  60,  and  plate. 
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Lava  ofChafuzet. — At  another  point,  farther  down  the  (^ 
the  Sioule,  we  find  a  second  illustration  of  the  same  phei 
the  Fuj  Rouge,  a  conical  hill  to  the  north  of  the  village  of  Franal. 
The  cone  is  compoeed  entirely  of  red  axtA  black  bcoHeb,  tuff,  and  vol- 
canic bombs.  On  its  western  side,  towards  the  village  of  Cbaluzet, 
tliere  is  &  worn-down  crater,  whence  a  powerful  stream  of  lava  has 
issued,  and  flowed  into  the  valley  of  the  Sioule.  Tbe  river  has  since 
excavated  a  ravine  through  the  lava  and  subjacent  gneiss,  to  the 
depth  in  Eome  places  of  400  feet. 

On  tbe  upper  part  of  the  precipice  forming  the  left  side  of  this 
ravine,  we  see  a  great  mass  of  black  and  red  scoriaceous  lava  be- 
coming more  and  more  columnar  towards  its  base.    (See  fig.  729.) 


Below  this  is  a  bed  of  sand  and  gravel  3  feet  thick,  evidently  an 
ancient  river-bed,  now  at  an  elevation  of  25  feet  above  the  channel 
of  the  Sioule.  This  gravel,  fromwhicb  water  gushes  out,  rests  upon 
gneiss,^;  which  has  been  eroded  to  the  depth  of  25  feet  at  the  point 
where  the  annexed  view  is  taken.  At  d,  close  to  the  village  of  Les 
Combres,  the  entrance  of  a  gallery  is  seen,  in  which  lead  has  been 
worked  in  tbe  gaeiss.  This  mine  shows  that  tbe  pebUe^bed  is  con- 
tinuous, in  a  horizontal  direction,  between  the  gneiss  and  the  volcanic 
mass.  Here  again  it  is  quite  evident,  that,  while  the  basalt  was  gra- 
dually undermined  and  carried  away  by  the  force  of  running  water, 
the  cone  wtieace  the  lava  issued  escaped  destruction,  because  it  stood 
upon  a  platform  of  gneiss  several  hundred  feet  above  the  level  of  the 
valley  in  which  the  force  of  running  water  was  exerted. 
■  Lyell  and  MnrehiiOD,  Ed,  New  FhiL  Jonm.,  1BS9. 
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Pay  de  Fariou. — The  brim  of  the  crat«r  of  the  Fu^  de  Parion, 
near  Clermonl,  is  bo  sharp,  aad  baa  been  so  little  blunted  b^  time, 
that  it  scarcely  affords  room  to  stand  npon.  This  and  other  cones 
in  an  eijuallj  remarkable  state  of  integrity  have  stood,  I  conceive, 
uninjured,  not  m  gpile  of  their  loose  porous  nature,  as  might  at  first 
be  naturally  supposed,  but  in  consequence  of  it.  Mo  rills  can  ci^lect 
where  all  the  rain  is  instantly  absorbed  by  the  sand  and  acoris,  k 
is  remarkably  the  case  on  Etaa  ;  and  nothing  but  a  waterspout  break- 
ing directly  upon  the  Puy  de  Fariou  could  carry  away  a  portion  of 
the  hill,  BO  long  as  it  is  not  rent  or  engulpbed  by  earthquakes. 

Hence  it  is  conceivable  that  even  those  cones  which  have  the 
freshest  aspect  and  most  perfect  shape  may  lay  claim  to  very  high 
antiquity.  Dr.  Daubeny  has  justly  observed,  diat  had  any  of  these 
Tolcanoa  been  in  a  state  of  activity  in  the  age  of  Julius  Cssar,  thu 
general,  who  encamped  upon  the  plains  of  Auvergne,  and  laid  siege 
to  its  principal  city  (Gergovia,  near  Clermont),  could  hardly  hare 
failed  to  notice  them.  Had  there  been  any  record  of  their  emptiom 
in  the  time  of  Pliny  or  Sidonius  Apotlinaris,  the  one  would  scarcelj 
have  omitted  to  make  mention  of  it  in  bis  Natural  History,  nor  tbe 
other  to  introduce  some  allusion  to  it  among  the  descriptions  of  this 
bis  native  province.  This  poet's  residence  was  on  the  borders  of  the 
Lake  Aidat,  which  owed  its  very  existence  to  the  damming  up  of  s 
river  by  one  of  the  most  modern  lava-currents.* 

Plomb  du  Canlal. — In  regard  to  tbe  age  of  the  igneom  rocks  oT 
the  Cantal,  we  can  at  present  merely  affirm,  that  they  overiie  tbe 
Ijower  Miocene  lacustrine  strata  of  that  country,  which  may  te 
partly  Upper  Eocene  and  partly  Lower  Miocene  (see  Map,  p.  219.)- 
They  form  a  great  dome-shaped  mass,  having  an  average  slope  of 
only  4°,  which  has  evidently  been  accumulated,  like  the  cone  of 
Etna,  during  a  long  series  of  eruptions.  It  is  composed  of  trachrtic. 
pboQolitic,  and  basaltic  lavas,  tuffd,  and  conglomerates,  or  brecci*-^ 
foiming  a  mountain  several  thousand  feet  in  height.  Dikes  also  ti 
phoQolite,  trachyte,  and  basalt  are  numerous,  especially  in  tbe  nei^- 
bourhood  of  the  largo  cavity,  probably  once  a  crater,  around  which 
the  loftiest  summits  of  the  Cantal  are  ranged  circularly,  few  of  them, 
except  the  Plomb  du  Cantal,  rising  far  above  the  border  or  ridge  of 
this  supposed  crater.  A  pyramidal  hill,  called  the  Puy  Griou,  occu- 
pies the  middle  of  the  cavity. f  It  is  clear  that  the  volcano  of  tbe 
Cantal  broke  out  precisely  on  the  site  of  the  lacustrine  deposit  be- 
fore described  (p.  227.),  which  had  accumulated  in  a  depression  of  i 
tract  composed  of  micaceous  schist.  In  tbe  breccias,  even  to  ibe 
very  summit-of  the  mountain,  we  find  ejected  masses  of  tbe  fmh- 
water  beds,  and  sometimes  fragments  of  fliut,  coobuning  Lover 
Miocene  shells.  Valleys  radiate  in  all  directions  from  the  cenirjl 
heights  of  the  mountain,  increasing  in  sine  as  they  recede  from  thoH' 
heightB.  Those  of  the  Cer  and  Jourdanne,  which  are  more  than  30 
miles  in  length,  are  of  great  depth,  and  lay  open  tbe  geological  stnic- 
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tare  of  the  monntain.  No  alternation  of  lavas  with  undisturbed  lacus- 
trine strata  has  been  observed,  nor  any  tuffs  containing  freshwater 
shells,  althoDgb  some  of  these  tuffs  include  fossil  remains  of  terrestrial 
pl»iita,  said  to  implj  several  distinct  restorations  of  the  vegetation 
of  the  mountain  in  the  intervals  between  great  eruptions.  On  the 
northern  side  of  the  Plomb  du  Gantal,  at  La  Yissi^re,  near  Murat,  is 
a  spot,  pointed  out  on  the  Map  (p.  219.),  where  freshwater  limestone 
and  marl  are  seen  covered  by  a  thickness  of  about  800  feet  of 
volcanic  rock.     Shifts  are  here  seen  in  the  strata  of  limestone  and 

In  treating  of  the  lacustrine  deposits  of  Central  France,  in  the 
fifteenth  chapter,  it  was  stated  that,  in  the  arenaeeoas  and  pebbly 
group  of  the  lacustrine  basins  of  Auvergne,  Cantal,  and  Yelay,  no 
volcanic  pebbles  had  ever  been  detected,  although  massive  piles  of 
igneous  rocks  are  now  found  in  the  immediate  vicinity.  As  this 
observation  has  been  confirmed  hj  minute  research,  we  are  warranted 
in  inferring  that  the  volcanic  eruptions  bad  not  commenced  when 
the  older  subdivisions  of  the  freshwater  groups  originated. 

In  Cantal  and  Velay  no  decisive  proofs  have  jet  been  brought  to 
light  that  any  of  the  igneous  outbursts  happened  during  the  depo- 
sition of  the  freshwater  strata;  but  there  can  be  no  doubt  that  in 
Auvergne  some  volcanic  explosions  took  place  before  the  drainage 
of  the  lakes,  and  at  a  time  when  the  Lower  Miocene  species  of  animals 
and  plants  still  fiourished.  Thus,  for  example,  at  Font  du  Chateau, 
near  Clermont,  a  section  is  seen  in  a  precipice  on  the  right  bank  of 
the  river  Allier,  in  which  beds  of  volcanic  tuff  alternate  with  a  fresh- 
water limestone,  which  is  in  some  places  pure,  but  in  others  spotted 
with  fragments  of  volcanic  matter,  as  if  it  were  deposited  while 
showers  of  sand  and  scorin  were  projected  from  a  neighbouring 
vent-t 

Another  example  occurs  in  the  Pny  de  Marmont,  near  Veyres, 
where  a  freshwater  marl  alternates  with  volcanic  tuff  containing 
Miocene  shells.  The  tuff  or  breccia  in  this  locality  is  precisely  such 
as  is  known  to  result  from  volcanic  ashes  falling  into  wat«r,  and  sub- 
siding together  with  ejected  fragments  of  marl  and  other  stratified 
rocks.  These  tuffs  and  marls  ore  highly  inclined,  and  traversed  by 
a  thick  vein  of  basalt,  which,  as  it  rises  in  the  hill,  divides  into  two 
branches. 

Gergavia. — The  hill  of  Gergovia,  near  Clermont,  affords  a  third 
example.  I  agree  with  MM.  Dufr^noy  and  Jobert  that  there  is  no 
alternation  here  of  a  contemporaneous  sheet  of  lava  with  freshwater 
strata,  in  the  manner  supposed  by  some  other  observers  }  ;  but  the 
position  and  contents  of  some  of  the  associated  tuffs  prove  them  to 
have  been  derived  from  volcanic  eruptions  which  occurred  during  the 
deposition  of  the  lacustrine  strata. 

The  bottom  of  the  hill  consists  of  slightly  inclined  beds  of  white 

*  See  Ljell  and  HnrchiMiii,  Ann,  de  Sci.  "SaJL,  Oct.  1819. 
t  SecScr»pe'«  Ceniral  France,  p.  31. 
X  SMibid.,  p.  7. 
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and  greenish  marls,  more  than  300  feet  in  thickness,  iatereected  bj  ■ 
dike  of  basalt,  which  taaj  be  studied  in  the  ravine  above  the  rilkge 
of  Merdogne.  The  dike  here  cuts  through  the  toarl^  strata  at  a  coo- 
giderable  angle,  producing,  in  general,  great  alteration  and  coofnaioD 
in  them  for  some  distance  from  the  point  of  contact.  Abore  the 
whit«  and  green  maris,  a  sflries  of  beds  of  limestone  and  marl,  cod* 
taining  freshwater  shells,  are  seen  to  alternate  with  volcanic  tuC 
In  the  lowest  part  of  this  division,  beds  of  pure  marl  alternate  witli 
compact  fissile  taff,  reiombUng  some  of  the  snbaqueous  tnffa  of  Italj 
and  Sicily  called  ptperiaot.  Occaeionally  fragments  of  scorix  are 
visible  in  this  rock.  Still  higher  is  seen  another  gronp  of  some 
thickness  con:iistiDg  exclusively  of  tuff,  upon  which  lie  other  mtrlj 
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strata  intermixed  with  volcanic  matter.  Among  the  species  of  fossil 
shells  which  I  found  in  these  strata  were  Mtlania  tM^rnxMota,  a  Com 
and  a  Melanopiit,  but  they  were  not  sufficient  to  enable  me  la  deter- 
mine with  precision  the  age  of  the  formation. 

There  are  many  points  in  Auvergne  where  igneous  rocks  hare 
been  forced  by  subeequent  injection  through  clays  and  marly  lin>e- 
stones,  in  such  a  manner  that  the  whole  has  become  blended  in  one 
confused  and  brecciat«d  mass,  between  which  and  the  basalt  there  i« 
sometimes  no  very  distinct  line  of  demarcation.  In  the  cavitin  of 
such  mixed  rocks  we  often  find  cnlcedony,  and  crystals  of  naeMiyp*', 
stilbite,  and  arragonite.  To  formations  of  this  class  may  beloDg 
some  of  the  breccias  immediately  adjoining  the  dike  in  the  bill  of 
Gergovia  ;  but  it  cannot  be  contended  that  the  volcanic  sand  and 
scoria  interatratified  with  the  marls  and  limestones  in  the  vfpet 
part  of  that  bill  were  introduced,  like  the  dike,  snbseqnently.  by 
intrusion  from  below.  They  must  have  been  thrown  down  like 
sediment  from  water,  and  can  only  have  resulted  from  igneoos  action, 
which  was  going  on  contemporaneously  with  the  deposition  of  tb« 
lacustrine  strata. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  wdl  with 
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tbe  proofs,  adverted  to  in  the  nfleentb  chapter,  of  the  abundance  of 
silex,  traTerlin,  and  gypsum  precipitated  whan  the  upper  lacustrine 
Btrata  were  formed ;  for  these  rocke  are  such  aa  the  waters  of  mineral 
and  thermal  springs  might  gecerate. 

Eocene  Volcanic  Roefu. — The  fissile  limestone  of  Monte  Bolca, 
near  Verona,  has  for  manj  centuries  been  celebrated  in  Italy  for  the 
number  of  perfect  Jchthyolites  which  it  contains.  Agasiiz  has  de- 
scribed no  less  thao  133  species  of  fossil  fish  from  this  single  deposit, 
and  the  multitude  of  individuals  by  which  many  of  the  species  are 
represented,  is  attested  by  the  Tariety  of  specimens  treasured  up  in 
the  principal  museums  of  Europe.  They  have  been  all  obtained 
from  quarries  worked  exclusively  by  lovers  of  natural  history,  for 
the  sake  of  the  fossils.  Had  the  lithographic  stone  of  Solenhofen, 
now  regarded  as  so  rich  in  fossils,  been  in  like  manner  quuried 
solely  for  scientific  objects,  it  would  have  remained  almost  a 
sealed  book  to  paleontologists,  so  sparsely  are  the  organic  re- 
mains scattered  through  it.  I  visited  Monte  Bolca  in  company 
with  Sir  Roderick  Murchiaon  in  1828,  and  we  then  satisfied  our- 
selves that  the  fish-bearing  strata  formed  part  of  the  Eocene 
rocks  of  the  adjacent  Vicentine  :  we  also  ascertained  that  the 
associated  volcanic  products,  consisting  chiefiy  of  peperino  or 
brown  basaltic  tufii  were  contemporaneous  and  interstratifled  with 
mariue  deposits  charged  with  the  same  fossils  as  those  which  cha- 
racterize Uie  Middle  Eocene  group  of  Monte  Bolca.  In  some  of  the 
tu%  nummulites  are  met  with,  and  two  species,  Nvmmvlitet  globulus 
and  y.  mille-eaput,  were  obtained  by  Sir  R.  Murchison  in  a  subse-  ' 
quent  visit  from  beds  intervening  between  those  which  yield  the  chief 
supply  of  fossil  fish.  We  observed  dikes  of  basalt  cutting  through 
vast  masses  of  the  peperino  in  Monte  Postate,  which  adjoins  Monte 
Bolca.  There  is  evidence  here  of  a  long  series  of  submarine  volcanic 
eruptions  of  Eocene  date,  and  during  some  of  them,  as  Sir  B.  Mur- 
chison  has  suggested,  shoals  of  fish  were  probably  destroyed  by  the 
evolution  of  heat,  noxious  gases,  and  tufaceous  mud,  just  as 
happened  when  Graham's  Island  was  thrown  up  between  Sicily  and 
Africa  in  1831,  at  which  time  the  waters  of  the  Mediterranean  were 
seen  to  be  charged  with  red  mud,  and  covered  with  dead  fish  over 
a  wide  area.| 

Associated  with  tbe  marls  and  limestones  of  Monte  Bolca  are  beds 
containing  lignite  and  shale  with  numerous  plants,  which  have  been 
described  by  Unger  and  Masaalongo,  and  referred  by  them  to  the 
Eocene  period.  I  have  already  cited  (p.  288.)  Professor  Heer's 
remark,  that  several  of  the  species  are  common  to  Monte  Bolca  and 
the  white  clay  of  Alum  Bay,  a  Middle  Eocene  deposit;  and  the  same 
botanist  dwells  on  the  tropical  character  of  the  flora  of  Monte  Bolca 
and  its  distinctness  from  the  subtropical  flora  of  the  Lower  Miocene 
of  Switzerland  and  Italy,  in  which  last  there  is  a  far  more  con- 
siderable mixture  of  forms   of  a  temperate  climate,  such  as  the 
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willow,  poplar,  birch,  elm,  and  others.  All  these  are  wanting  at 
Monte  Boles,  wbile  on  the  other  hand  the  coniferK  are  represented 
b;  five  species  of  Podoearpus,  the  Dicotyledons  by  the  fig  and 
sandal-wood  tribe,  and  by  some  Proteacea.  There  are  also  many 
tropical  forms  of  Leguminosct,  together  with  fan-palms,  and  a  palm 
allied  to  the  cocoa-nut  with  its  fruit ;  also,  according  to  Massaloogo, 
an  orchidcous  epiphyte.  That  scarcely  any  one  of  the  Monte  Boles 
fish  should  have  been  found  in  any  other  locality  in  Europe,  is  s 
striking  illustration  of  the  extreme  imperfection  of  the  paJKonto- 
logical  record.  We  are  in  the  habit  of  imagining  that  our  ioeigbl 
into  the  geology  of  the  Eocene  period  is  more  than  asnally  perfect, 
and  we  are  certainly  acquainted  with  an  almost  unbroken  succes- 
sion  of  assemblages  of  shells  passing  one  into  the  other  from  the  at 
of  the  Thanet  sands  to  that  of  the  Bembridge  beds  or  Paris  gypsum. 
The  general  dearth,  therefore,  of  fish  might  induce  a  hasty  reasouer 
to  conclude  that  there  was  a  poverty  of  ichthyic  forms  during  this 
long  period ;  but  when  a  local  accident,  like  the  volcanic  eruptions 
of  Monte  Bolca,  occurs,  proofs  are  suddenly  revealed  to  us  of  the 
richness  and  variety  of  this  great  class  of  vertebrata  in  the  E^eue 
sen.  The  number  of  genera  of  Monte  Bolca  fish  is,  according  to 
Agassiz,  no  less  tbau  seventy-five,  twenty  of  them  peculiar  to  that 
locality,  and  only  eight  common  to  the  anteeedent  Cretaceous  period. 
No  less  than  forly-aeven  out  of  the  seventy-five  genera  make  their 
appearance  for  the  first  time  in  the  Monte  Bolca  rocks,  none  of  them 
having  been  met  with  as  yet  in  the  antecedent  formations.  They 
form  a  great  contrast  to  the  fish  of  the  secondary  period,  as,  with  the 
exception  of  the  Placoids,  they  are  all  Teleosteaas,  only  one  geniu, 
Pycnodut,  belonging  to  the  order  of  Ganoids,  which  form,  as  be- 
fore stated,  the  vast  majority  of  the  ichthyolites  entombed  in  the 
secondary  rocks. 

Cretaceous  period. — Although  we  have  no  proof  of  volcanic  rocks 
erupted  in  England  during  the  deposition  of  the  chalk  and  greensuiil, 
it  would  be  an  error  to  suppose  that  no  theatres  of  igneous  action 
existed  in  the  cretaceous  period.  M.  Virlet,  in  hU  account  of  lbs 
geology  of  the  Morea,  p.  205.,  has  clearly  shown  that  certain  trxp 
in  Greece,  called  by  him  ophiolites,  are  of  this  date  ;  as  those,  for 
example,  which  alternate  conformably  with  cretaceous  limestone  uJ 
greensand  between  Kastri  and  Damala  in  the  Morea.  They  consitt 
in  great  part  of  diallage  rocks  and  serpentine,  and  of  sua  amygdaloid 
with  calcareous  kernels,  and  a  base  of  serpen tine^ 

In  certain  parts  of  the  Morea,  the  age  of  these  volcanic  rocks  i! 
established  by  the  following  proofs :  fira^  the  lithographic  limeeloiKJ 
of  the  Cretaceous  era  are  cut  through  by  trap,  and  then  a  congii'' 
merate  occurs,  at  Naupila  and  other  places,  containing  in  ttscalcarwos 
cement  many  well-known  fossils  of  the  chalk  and  greensuid,  tt^ther 
with  pebbles  formed  of  rolled  pieces  of  the  same  ophiolita,  which 
appear  in  the  dikes  above  alluded  to. 

Period  of  Oolite  and  Zio*.— Although  the  green  and  serpentinoW 
trap  rocks  of  the  Morea  belong  chiefly  to  the  Cretaceous  era.  »< 
before  mentioned,  yet  it  seems  that  some  eraptions  of  aimiiir  roc^ 
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began  during  the  Oolitic  period*;  and  it  ia  probable  that  a  large 
part  of  the  trappean  masses,  called  opbiolitea  in  the  Apennines,  and 
associated  with  the  limestone  of  that  chain,  are  of  corresponding  age. 

That  some  part  of  the  volcanio  rocks  of  the  Hebrides,  in  our  own 
country,  originated  contemporaneously  with  the  Oolite  which  they 
traverse  and  overlie,  has  been  ascertained  by  Pi-of.  E,  Forbes,  in 
1850.  Some  of  the  eruptions  in  Skye,  for  example,  occurred  at  the 
close  of  the  Middle  and  before  the  commencemeDt  of  the  Upper 
Oolitic  period. I 

Trap  of  the  JVrte  Red  Sandstone  period. — In  the  southern  part  of 
Devonshire,  trappean  rocks  are  associated  with  New  Red  Sandstone, 
and,  according  to  Sir  H.  De  laBeehe,  have  not  been  intruded  subse- 
quently into  the  sandstone,  but  were  produced  by  contemporaneous 
volcanic  action.  Some  beds  of  grit,  mingled  with  ordinary  red  marl, 
resemble  sands  ejected  from  a  crater;  and  in  the  BtratiHed  conglo-  ' 
merates  occurring  near  Tiverton  are  many  angular  frt^ments  of  trap 
porphyry,  some  of  them  one  or  two  tons  in  weight,  intermingled  with 
pebbles  of  other  rocks.  These  angular  fragments  were  probably 
thrown  out  from  volcanic  vents,  and  fell  upon  sedimentary  matter 
then  in  the  course  of  deposition. f 

Carbonifirout  period.  —  Two  classes  of  contemporaneous  trap 
rocks  were  ascertained  by  Dr.  Fleming  to  occur  in  the  coal-field 
of  the  Forth  in  Scotland.  The  newest  of  these,  connected  with  the 
higher  series  of  coal-measures,  is  well  exhibited  along  the  shores  of 
the  Forth,  in  Fifeshire,  where  they  consist  of  basalt  with  olivine, 
amygdaloid,  greenstone,  wacke,  and  tuff.  They  appear  to  have  been 
erupted  while  the  sedimentary  strata  were  in  a  horizontal  position, 
and  to  have  suffered  the  same  dislocations  which  those  strata  have 
subsequently  undergone.  In  the  volcanic  tuffs  of  this  age  are  found 
not  only  fragments  of  limestone,  shale,  flinty  slate,  and  sandstone, 
but  also  pieces  of  coal. 

The  other  or  older  class  of  carboniferous  traps  are  traced  along 
the  south  mancin  of  Stratheden,  and  constitute  a  ridge  parallel  with 
the  Ochils,  and  extending  from  Stirling  to  near  St.  Andrews.  They 
consist  almost  exclusively  of  greenstone,  becoming,  in  a  few  instances, 
earthy  and  amygdaloidal.  They  are -regularly  interstratified  with 
the  sandstone,  shale,  and  ironstone  of  the  lower  Coal-measures,  and, 
on  the  East  Lomond,  with  Mountain  Limestone. 

I  examined  these  trap  rocks  in  1838,  in  the  cliffs  south  of  St.  Au- 
drewf,  where  they  consist  in  great  part  of  stratified  tuffs,  which  are 
curved,  vertical,  and  contorted,  like  the  associated  coal-meosnres.  In 
the  tuff  I  found  fragments  of  carboniferous  shale  and  limestone,  and 
intersecting  veins  of  greenstone.  At  one  spot,  about  two  miles  from 
St.  Andrews,  the  encroachment  of  the  sea  on  the  cliffs  has  isolated 
several  masses  of  trap,  one  of  which  (fig.  731.)  is  aptly  called  the 

*  Boblaye  anil  Virlet,  Moru,  p.  33- 
t  GeoL  QoBTt.  Joum.,  1851,  toL  vii. 
p.  lOS. 
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ilr.  i.  aiamBU  ithii^u.  (.  itnUflfd  tuff; 

"  rock  and  spindle,"  *  for  it  consists  of  a  piopacle 
of  taff,  which  may  be  cornered  to  a  dtstAff,  and 
neiir  the  base  is  a  mass  of  columnar  greenstone, 
in  which  the  pillars  radiate  from  a  centre,  and  ap- 
pear at  a  distance  like  the  spokes  of  a  wheeL  The 
largest  diameter  of  this  wheel  is  about  twelrr 
feet,  and  the  polygonal  terminations  of  the  co- 
lumns are  seen  round  the  circamference  (or  tire, 
as  it  were,  of  the  wheel),  as  in  the  accompany- 
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ing  figure.  I  conceive  this  m&BS  to  bo  the  extremity  of  %  striag- 
or  vein  of  greenstone,  which  penetrated  the  tuff.  The  prisms 
point  in  every  direction,  because  they  were  aurrounded  on  all  sides 
by  cooling  surfaces,  to  which  they  always  arrange  themselves  at 
Tight  angles,  as  before  explained  (p.  611.). 

A  trap  dike  was  pointed  out  to  me  by  Dr.  Fleming,  in  the  parish 
of  Fliak,  in  the  northern  part  of  Fifeahire,  which  cuts  through  the 
^rey  sandstone  and  shale,  forming  the  lowest  part  of  the  Old  Bed 
Sandstone,  but  which  may  probably  he  of  carboniferous  date.  It 
may  be  traced  for  many  miles,  passing  through  the  amygdaloidal 
and  other  traps  of  the  hill  called  Norman's  Law.  In  its  course  it 
affords  a  good  exemplification  of  the  passage  from  the  trappeau  into 
the  platonic,  or  highly  crystalline  texture.  Professor  Gustavus 
Rose,  to  whom  I  submitted  specimens  of  this  dike,  finds  the  rook, 
v'hicb  he  calls  dolerite,  to  consist  of  greenish  black  angite  and  La- 
brador felspar,  the  latter  being  the  most  abnndnut  ingredient.  A 
small  quantity  of  magnetic  iron,  perhaps  titaniferous,  is  also  present. 
The  result  of  this  analysis  is  intereeting,  because  both  the  aucient 
and  modem  lavas  of  Etna  consist  in  like  manner  of  augite,  Labra- 
dorite,  and  titaniferous  iron. 

Trap  of  the  Old  Red  Sandstone  period. — By  referring  to  the 
section  explanatory  of  the  structure  of  Forfarshire,  already  given 
(p.  48.),  the  reader  will  perceive  that  beds  of  conglomerate.  No.  -3., 
occur  in  the  middle  of  the  Old  Red  Sandstone  system,  1,  2,  3,  4. 
The  pebbles  in  these  conglomerates  are  sometimes  composed  of 
granitic  and  quartzose  rocks,  sometimes  exclusively  of  different 
vnrieties  of  trap,  which  last,  although  purposely  omitted  in  the  sec- 
tion referred  to,  is  often  found  either  intruding  itself  in  amorphous 
musses  and  dikes  into  the  old  fossiliferous  tilestones.  No.  4.,  or 
alternating  with  them  in  conformable  beds.  All  the  different 
divisions  of  the  red  sandstone,  1,  2,  3,  4.,  are  occasionally  inter- 
sected by  dikes,  but  they  are  very  rare  in  Nos.  1.  and  2.,  the  upper 
members  of  tho  group  consisting  of  red  shale  and  red  sandstone. 
These  phenomena,  which  occur  at  the  foot  of  the  Grampians,  are 
repeated  in  the  Sidlaw  Hills  ;  and  it  appears  that  in  this  part  of 
Scotland  volcanic  eruptions  were  most  frequent  in  the  earlier  part 
of  the  Old  Red  Sandstone  period. 

The  trap  rocks  alluded  to  consist  chiefly  of  felspathic  porphyry 
and  amygdaloid,  the  kernels  of  the  latter  being  sometimes  calca- 
reous, often  calcedonic,  and  forming  beautiful  agates.  We  meet 
also  with  claystone,  clinkstone,  greenstone,  compact  felspar,  and 
tuff.  Some  of  these  rocks  flowed  as  lavas  over  the  bottom  of  the 
sea,  and  enveloped  quartz  pebbles  which  were  lying  there,  so  as  to 
form  conglomerates  with  a  base  of  greenstone,  as  is  seen  in  Lumley 
Den,  in  the  Sidlaw  Hills.  On  either  side  of  the  axis  of  this  chain  of 
hills  (see  section,  p.  48.),  the  beds  of  massive  trap,  and  the  tuffs 
composed  of  volcanic  sand  and  ashes,  dip  regularly  to  the  south-east 
or  north>west,  conformably  with  the  shales  and  sandstones.  But 
the  geological  structure  of  the  Pentlnnd  Hills,  near  Edinburgh,  shows 
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that  igneous  rocks  were  there  formed  during  the  newer  part  of  the 
Devonian  or  "Old  Red"  period.  These  hills  ktc  1900  feet  high 
above  the  sea,  and  consist  of  conglomerates  and  sandstones  of  Upper 
Devqaian  age,  resting  on  the  inclined  edges  of  grita  and  slates  of 
Lower  Devonian  and  Upper  Silurian  date.  The  contemporxneont 
TolciiQtc  rocks  intercalated  in  this  Upper  Old  Bed  consiBt  of  felspathic 
lavas,  or  felstones,  with  associated  tuffs  or  ashy  beds.  The  lavas 
were  some  of  tbem  originally  compact,  others  vesicular,  and  these 
last  have  been  converted  into  amygdaloids.  They  consist  chie^y  of 
felstone  or  compact  felspar.  The  Fentl&nd  HiUa,  say  Ueears.  Hac- 
laren  and  Geikie,  afibrd  evidence  that  at  the  time  of  the  Upper 
Old  Red  Sandstone,  the  district  to  the  south-west  of  Edinbui^h  was 
for  a  long  while  the  eeat  of  a  powerful  volcano,  which  sent  out 
massive  streams  of  lava  and  showers  of  aah,  and  continued  active 
until  well-nigh  the  dawn  of  the  Carboniferous  period.* 

Silurian  period. — It  appears  from  the  investigations  of  Sir  R. 
Murchison  in  Shropshire,  that  when  the  lower  Silurian  strata  of 
that  country  were  accumulating,  there  were  frequent  volcanic 
eruptions  beneath  the  sea  ;  and  the  ashes  and  scoriie  then  ejected 
gave  rise  to  a  peculiar  kind  of  tufaceous  sandstone  or  grit,  dissimilar 
to  the  other  rocks  of  the  Silurian  series,  and  only  observable  in 
places  where  syenitic  and  other  trap  rocks  protrude.  These  tnfiii 
occur  on  the  flanks  of  the  Wrekin  and  Caer  Caradoc,  and  contain 
Silurian  fossils,  such  as  costs  of  encrinites,  trilobites,  and  moliuca. 
Although  foBsiliferous,  the  atone  resembles  a  sandy  clayetone  of  the 
trap  family.']' 

Thin  layers  of  trap,  only  a  few  inches  thick,  alternate  in  some 
parts  of  Shropshire  and  Montgomeryshire  with  sedimeDtary  slnta 
of  the  lower  Silurian  system.  This  trap  consists  of  slaty  porphyry 
and  granular  felspar  rock,  the  beds  being  traversed  by  joints  like 
those  in  the  associated  sandstone,  limestone,  and  shale,  and  haviog 
the  same  strike  and  dip.} 

In  Radnorshire  there  is  an  example  of  twelve  bands  of  straUfied 
trap,  alternating  with  Silurian  schists  and  flagstones,  in  a  thickaets 
of  360  feet  The  bedded  traps  consist  of  felspar  porphyry,  clink- 
stone, and  other  varieties  ;  and  the  interposed  Llandeilo  flags  an  of 
sandstone  and  shale,  with  trilobites  and  graptolitea.§ 

The  Snowdonian  hills  in  Caernarvonshire  consist  in  great  part  of 
volcanic  tuffs,  the  oldest  of  which  are  interstratified  with  the  Bsla 
limestone  and  slate.  There  are  some  contemporaneous  (elspatliic 
lavas  of  this  era,  which,  says  Professor  Ramsay,  alter  the  slates  on 
which  they  repose,  having  doubtless  been  poured  out  over  them,  !■  a 
melted  state,  whereas  the  slates  which  overlie  them  havii^  b^n 
subsequently  deposited  after  the  lava  had  cooled  and  consohdsied, 
have  entirely  escaped  alteration,    But  there  are  greeostooes  im^ 

*  Haclarcn,  Geology    of   Fife   and  p.  Baa 
Loihiras.     Ocikie,  Trsnt.  Bojral  Soe.        t  Ibid.,  p.  119. 
BdiBbnrgh,  ISSO-lsei.  9  Ibid„  p.  SS5. 

t  Hurdiuon,  Klorian  Byiteoi,  &e^ 
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eiated  with  the  same  formation,  which,  althougb  tbejr  are  often 
coaformable  to  the  slates,  are  in  reality  intrusive  rocka.  They  alter 
the  BtratiRed  depoaits  both  above  and  below  them,  and  when  traced 
to  great  diatancee,  are  sometimes  seen  t«  cut  through  the  slates,  and 
10  send  off  branches.  Nevertheless,  these  greenstones  appear  to 
belong,  like  the  lavas,  to  the  Lower  Silurian  period. 

Cambrian  Volcanic  Rocks. — The  Lingala  beds  in  North  Wales 
have  been  described  as  7000  feet  in  thickness.  In  the  upper 
portion  of  these  deposits,  volcanic  tuffs  or  ashy  materials  are  inter- 
etratitied  with  ordinary  muddy  sediment,  and  here  and  there  asso- 
ciated with  thick  beds  of  felspathic  lava.  These  rocks  form  the 
mountains  called  the  Arans  and  the  Arenigs ;  numerous  greenstones 
are  associated  with  them,  which  are  intrusive,  although  they  ofWn 
run  in  the  Hues  of  bedding  for  a  space,  "  Much  of  the  ash,"  sayx 
ProfeHor  Ramsay,  "seems  to  have  been  sub-aerial.  Islands,  like 
Graham's  Island,  may  have  sometimes  raised  their  craters  for  various 
periods  above  the  water,  and  by  the  waste  of  snch  islands  some  of 
the  ashy  matter  became  waterwom,  whence  the  ashy  conglomerate. 
Viscous  matt«r  seems  also  to  have  been  shot  into  the  air  as  volcanic 
bombs,  which  fell  among  the  dust  and  broken  crystals  (that  often 
form  the  ashes)  before  perfect  cooling  and  consolidation  had  taken 
place,"  • 

Laurentian  Vokamc  Roeh*. — The  Laurentian  rocks  in  Canada, 
especially  in  Ottawa  and  Argenteuil,  are  the  oldest  intrusive  masses 
yet  known.  They  form  a  set  of  dikes  of  a  fine-grained  dark  green- 
stone 01'  dolei'itei  composed  of  felspar  and  pyroxcene,  with  occasional 
scales  of  mica  and  grains  of  pyrites.  Their  width  varies  from  a  few 
feet  to  a  hundred  yards,  and  they  have  a  columnar  structure,  the 
columns  being  truly  at  right  angles  to  the  plane  of  the  dike.  Some 
of  the  dikes  send  off  branches.  These  dolerites  are  cut  through  by 
intrusive  syenite,  and  this  syenite,  in  its  turn,  is  again  cut  and 
penetrated  by  felspar  porphyry,  the  base  of  which  consists  of  petro- 
silex,  or  a  mixture  of  ortlioclase  and  quarts.  All  these  trap  rocks 
appear  to  be  of  Laurentian  date,  for  the  lowest  fossiliferous  rocks, 
such  as  the  Cambrian  or  Potsdam  sandstone,  overlie  eroded  portions 
of  them.'l'  Whether  some  of  the  various  conformable  crystalline 
rocks  of  the  Laurentian  series,  such  as  the  coarse-grained  granitoid 
and  porpbyritic  varieties  of  gneiss,  exhibiting  scarcely  any  signs 
of  stratification,  some  of  the  serpentines,  may  not  also  be  of  vol- 
canic origin,  is  a  point  very  difficult  to  determine  in  a  region  which 
has  undergone  so  much  metamorphic  action. 
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G«n«ral  aspect  of  gnnile — Decompoung  into  spherical  nuaaa  —  Sude  columnaT 
smcture— Analog]' sod  difl^r«neeorTolc>uiJcandplntonic  fonnaiiatu — MinenLt 
in  granite,  and  their  urangemenC  —  Graphic  uid  porph^tic  granite — Mutual 
penetration  of  crjitala  of  qoanz  and  ftelspar — Occasional  minerals — Srenite  — 
Sfenidc,  talcose,  and  schnrlj  granites — Enrite — Passage  of  granite  into  trap — 
Bxajnples  near  Christiania  and  ia  Aberdecnshira  —  Analogj"  in  compocitXH)  of 
trachyte  and  granite —  Granite  veins  in  Glen  TU^  Cornwall,  the  Taloniiie,  and 
other  coontrira — Different  composition  of  reins  Froia  main  ludj  of  granite  — 
Melalliferoos  veins  in  strata  near  their  jnnclioa  with  granite — Apparent  isoladon 
of  nodules  of  granite  —  Qoarti  veins  —  Whether  plntonic  rocks  are  ever  orer- 
Ijing —  Their  exposare  at  the  surface  dae  to  denudation. 

The  piutonic  rocks  may  be  tre&ted  of  next  in  order,  as  they  «re 
most  nearly  allied  to  the  volcanic  class  Klready  considered.  I  hate 
described,  in  the  first  chapter,  these  plutonic  rocks  as  the  unatra- 
tilied  division  of  the  crystalline  or  hypogene  formations,  uid  h*.\e 
stated  that  they  differ  from  the  volcanic  rocks,  not  only  by  their 
more  crystalline  texture,  bnt  also  by  the  absence  of  tufis  and 
breccias,  which  are  the  products  of  eruptions  at  the  earth's  surface, 
or  beneath  seas  of  inconsiderable  depth.  Thej  differ  also  by  the 
absence  of  pores  or  cellular  cavities,  to  which  the  expansion  of  the 
entangled  gases  gives  rise  in  ordinary  lava.  From  these  and  other 
peculiarities  it  has  been  inferred,  that  the  granites  have  been  formed 
at  considerable  deptlis  in  the  earth,  and  have  cooled  and  ciystallixed 
slowly  under  great  pressure,  where  the  contained  gases  conld  not 
expand.  The  Tolcaoic  rocks,  on  the  contrary,  although  tbey  «l$o 
have  risen  up  from  below,  have  cooled  from  a  melted  state  more 
rapidly  upon  or  near  the  surface.  From  this  hypotiiesis  of  the 
great  depth  at  which  the  granites  originated,  has  been  derived  the 
name  of  "  Plutonic  rocks."  The  beginner  will  easily  conceive  thai 
the  influence  of  subterranean  heat  may  extend  downwards  firmn  the 
crater  of  every  active  volcano  to  a  great  depth  below,  perhapj 
several  miles  or  leagues,  and  the  efiects  which  are  produced  deep  in 
the  bowels  of  the  earth  may,  or  rather  must,  be  distinct;  so  that 
volcanic  and  plutonic  rocks,  each  different  in  texture,  and  sometimei 
even  in  composition,  may  originate  simultaneously,  the  one  at  the 
surface,  the  other  far  beneath  it. 

By  some  writers,  all  the  rocks  now  under  ctmsideratjon  have  be«n 
comprehended  under  the  name  of  granite,  which  is,  then,  understood 
to  embrace  a  large  family  of  crystaUine  and  compound  rocks,  usually 
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foaud  uaderljiag  all  other  formations  ;  frhereas  we  have  Been  that 
trap  very  commoDty  overlies  straU  of  different  ages.  Granite  often 
preserTea  a  very  uniform  character  throughout  a  wide  range  of 
territory,  forming  hills  of  a  peculiar  rounded  form,  usually  clad  with 
a  scanty  vegetation.  The  surface  of  the  rock  is  for  the  most  part  in 
a  crumbling  state,  and  the  hills  are  often  surmounted  by  piles  of 
stones  like  the  remuns  of  a  stratified  mass,  as  in  the  annexed  figure, 


and  Bometimee  like  heaps  of  boulders,  for  which  they  have  been 
mistaken.  The  exterior  of  these  stones,  originally  quadrangular, 
acquires  a  rounded  form  by  the  action  of  air  and  water,  for  the 
edges  and  angles  waste  away  more  rapidly  than  the  sides.  A 
similar  spherical  structure  has  already  been  described  as  charac- 
teristic of  basalt  and  other  volcanic  formations,  and  it  must  be  re- 
ferred to  analogous  causes,  as  yet  but  imperfectly  understood. 

Although  it  is  the  general  peculiarity  of  granite  to  assume  no 
definite  shapes,  it  is  nevertheless  occasionally  subdivided  by  fissures, 
so  as  to  assume  a  cuboidal,  and  even  a  columnar,  structure,  Ex- 
amples of  these  appearances  may  be  seen  near  the  Land's  End,  in 
ComwalL     (See  fig.  734.) 

The  platonio  formations  also  agree  with  the  volcanic  in  having 
veins  or  ramifications  proceeding  from  central  masses  into  the  ad- 
joining rocks,  and  causing  alterations  in  these  last,  which  will  be 
presently  described.  They  also  re^^emble  trap  in  containing  no 
oi^anic  remains ;  bat  they  differ  in  being  more  uoiform  in  texture, 
whole  mountain  masses  of  indefinite  extent  appearing  to  have  ori- 
ginated under  conditions  precisely  similar.  They  also  differ  in 
never  being  scoriaceous  or  amygdaloidal,  and  never  forming  a 
porphyry  with  an  nncrystalline  base,  or  alternating  with  tuffs.  Nor 
do  they  form  conglomerates,  although  there  is  sometimes  an  in- 
sensible  passage  from  a  fine  to  a  coarse -grained  granite,  and  occa- 
sionally patches  of  a  fine  texture  are  imbedded  in  a  coarser  variety. 
Felspar,  quartz,  and  mica  are  usually  considered  as  the  minerals 
essential  to  granite,  the  felspar  being  most  abundant  in  quantity,  and 
the  proportion  of  quartz  exceeding  that  of  mica.  These  minerals 
ftre  united  in  what  is  termed  a  confused  crystallization  ;  that  is  to 
say,  there  is  no  regular  arrangement  of  the  crystals  in  granite,  as  in 
gneiss  (see  flg,  756.  p,  725,),  except  in  the  variety  termed  graphic 
gnmitc^  which  occurs  mostly  in  granitic  veins.     This  variety  is  a 
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compound  of  felspar  and  quartz,  eo  arranged  as  to  produce  m 
imperfect  Iftminar  structure.  The  crystals  of  felspar  appear  to  bsie 
been  first  formed,  leaving  between  them  the  space  now  occapie<l  bj 
the  darker-coloured  quartz.     This  mineral,  when  a  section  is  made 


at  right  angles  to  the  alternate  plates  of  felspar  and  quarta,  present* 
broken  line^  which  have  been  compared  to  Hebrew  cLaracterf. 
The  variety  of  granite  called  by  the  French  Pegmatite,  which  is  " 
mixture  of  quartz  and  common  felspar,  usually  with  some  eiosII 
admixture  of  white  silvery  mica,  often  passes  into  graphic  gntnite. 
Ordinary  granite,  as  well  as  syenite  and  eurite,  usually  con Iw'n* 
two  kinds  of  felspar  :  Ist,  the  common,  or  orthoclase,  in  which 
potash  is  the  prevailing  alkali,  and  this  generally  occurs  in  Uije 
crystals  of  a  white  or  flesh  colour;  and  2ndly,  felspar  in  HDsller 
crystals,  in  which  soda  predominates,  usually  of  a  dead  white  or 
spotted,  and  striated  like  albite,  but  not  the  same  in  composition.* 
*  Delesse,  Ann.  dtt  Uines,  185!,  t  iii.  p.  409.,  and  1S48.  t  xiii.  p.  Vi- 
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As  B  general  rate,  quarts,  ia  a  compact  or  omorplioas  state,  f«w8 
a  vitreouB  mas?,  serviog  as  the  base  in  whicli  felspar  and  mica  hare 
crystallized ;  for  although  these  minerals  are  much  more  fusible 
than  silez,  they  bave  often  imprinted  their  shapes  upon  (he  qaarte. 
This  fact,  apparently  so  paradoxical,  has  given  rise  to  much  in- 
genious speculation.  We  should  naturally  hsTe  anticipated  that, 
daring  the  cooling  of  the  mass,  the  flinty  portion  would  be  the  first 
to  consolidate ;  and  that  the  different  varieties  of  felspar,  as  well  as 
garnets  and  tourmalines,  being  more  easily  liquefied  by  heat,  would 
be  the  last.  Precisely  the  reverse  has  taken  place  in  the  passage  of 
most  granite  aggregates  from  a  fluid  to  a  solid  state,  crystals  of  the 
more  fusible  minerals  being  found  enveloped  in  hard,  transparent, 
glassy  quartz,  which  has  often  taken  very  faithful  casts  of  each,  so 
as  to  preserve  even  the  microscapically  minute  striations  on  the 
Burface  of  prisms  of  tourmaline.  Various  explanations  of  this  phe- 
nomenon have  been  proposed  by  MM.  de  Beaumont,  Foarnet,  and 
Durocher.  They  refer  to  M.  Gaudin's  experiments  on  the  fusion 
of  qnartz,  which  show  that  silex,  as  it  cools,  has  the  property  of 
remaining  in  a  viscous  state,  whereas  alumina  never  does.  This 
"gelatinous  flint"  is  supposed  to  retain  a  considerable  degree  of 
plasticity  long  after  the  granitic  mixture  has  acquired  a  low  tem- 
perature ;  and  M.  £.  de  Beaumont  suggests  that  etectric  action  may 
prolong  the  duration  of  the  viscosity  of  silex.  Occasionally,  how- 
ever, we  find  the  qnarCe  and  felspar  mutually  imprinting  their  forma 
on  each  other,  affording  evidence  of  the  simultaneoas  crystaUiaation 
of  both.* 

According  to  the  experiments  and  observations  of  Gustare  Kose, 
the  quartz  of  granite  has  the  specific  gravity  of  2'6,  which  charac- 
terizes silica  when  it  is  precipitated  from  a  liquid  solvent,  and  not 
that  inferior  density,  namely,  2-3,  which  belongs  to  it  when  it  coola 
in  the  labor^ory,  in  what  is  called  the  dry  way,  or  trom  a  stale  of 
fusion.  It  has  been,  therefore,  inferred,  perhaps  somewhat  rashly, 
that  the  manner  in  which  the  consolidation  of  granite  takes  place  is 
exceedingly  different  from  the  cooling  of  lavas,  even  of  those  which 
are  the  moat  crystalline.  It  has  also  been  still  more  hastily  inferred, 
that  the  intense  heat  formerly  supposed  to  he  necessary  for  the  pro- 
duction of  mountain  masses  of  plutonic  rocks  maybe  dispensed  with. 
The  first  question  to  be  decided  is,  whether  or  not  silica  can  be 
obtained  even  in  the  laboratory  in  a  crystalline  state  by  fusion.  Mr. 
Sorb/,  who  has  devoted  much  time  and  talent  to  the  solution  of  this 
snd  kindred  problems,  has  come  to  the  conclusion  that  it  can  be  so 
obtnitted.  He  informs  me  that  he  is  convinced,  by  the  examination 
of  quartz  fused  by  Mr,  David  Forbes,  that  silica  can  crystallise  in 
the  dry  way,  and  be  has  found  in  quartz  forming  a  constituent  part 
of  some  trachytes,  both  fVom  Guadalonpe  and  Iceland,  glass- cavities  f 
quite  similar  to  those  met  with  in  genuine  volcanic  minerals,  which 
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prove  most  cooclnsiTelj  that  this  qaartz  crystalliEed  out  fnim  % 
fased  material  like  obsidian. 

Bj  "glass-cBTities"  are  meant  those  in  which  a  liquid,  on  cooling, 
has  become  first  viscous  and  then  solid  without  crystallising  or  under- 
going a  definite  change  in  its  phjeical  structure.  Other  cavities 
which,  like  thosejuBt  mentioned,  are  frequently  discernible  under  the 
microscope  in  the  minerals  composing  granitic  rocks,  are  filled  some 
of  them  with  gua  or  vapour,  others  with  liquid,  and  by  the  move- 
menta  of  the  bubbles  thus  inclnded  the  distinctness  of  such  cavities 
from  those  filled  with  a  glassy  substance  can  be  tested. 

Mr.  Sorby  admits  that  the  frequent  occurrence  of  fluid  cavities  in 
the  quartz  of  granite  implies  that  water  was  almost  i^waj's  present 
in  the  formation  of  this  rock  ;  but  the  same  may  he  said  of  almost 
all  lavas,  and  it  is  now  more  than  forty  years  since  Mr.  Scrope 
insisted  on  the  important  part  which  water  plays  in  volcanic  erup- 
tions, being  so  intimately  mixed  up  with  the  materials  of  the  Ian 
that  he  supposed  it  to  aid  in  giving  mobility  to  the  fluid  mass.  It 
is  well  known  that  steam  escapes  for  months,  sometimes  for  yearc, 
from  the  cavities  of  lava  '^hen  it  is  cooling  and  consolidating. 

As  to  the  result  of  Mr.  Sorby's  experiments  and  speculations  en 
this  difficult  subject,  they  may  be  stated  in  a  few  words.  He  con- 
cludes that  the  physical  conditions  under  which  the  Tolcanic  and 
granitic  rocks  originate  are  so  far  similar  that  in  both  cases  (hej 
combine  igneous  fusion,  aqueous  solution,  and  gaseous  sublimation 
— the  proof,  he  says,  of  the  operation  of  water  in  the  formation  of 
granite  being  quite  as  strong  as  of  that  of  heat.' 

When  rocks  are  melted  at  great  depths  water  must  be  present,  for 
two  reasons — First,  because  in  a  state  of  solid  combination  wttet 
enters  largely  into  the  composition  of  some  of  the  most  coaunon 
minerals,  especially  those  of  the  aluminous  class  ;  and,  secondlj. 
because  rain-water  and  sea-water  aro  always  descending  throngb 
fissured  and  porous  rocks,  and  must  at  length  find  their  way  inu 
the  regions  of  subterranean  heat.  But  the  existence  of  water  nndtr 
great  pressure  afTords  no  argument  against  our  attributing  an  excet' 
sively  high  temperature  to  the  moss  with  which  it  is  mixed  up. 

Bunsen,  indeed,  imagines  that  in  Iceland  it  attains  a  white  heM 
at  a  very  moderate  depth.  Still  less  does  the  point  to  which  the 
materials  of  granite  or  lava  must  be  cooled  down  before  they  cry^ 
tallize  or  consolidate  afibrd  any  test  of  the  degree  of  beat  which  the 
same  materials  acquired  before  they  could  be  made  to  form  lakes 
and  seas  of  molten  rock  in  the  interior  of  the  earth's  crust. 

To  what  extent  some  of  the  raetamorphic  rocks  containing  the 
same  minerals  as  the  granites  may  have  been  formed  by  hjdro- 
thermal  action  without  the  intervention  of  intense  heat  compuahle 
to  that  brought  into  play  in  a  volcanic  eruption,  will  be  coosidcred 
when  we  treat  of  the  metamorphic  rocks  in  the  thirty-Gfib  chapter, 
p.  728. 

•  Sec  Quail.  0«ol.  Josm.,  toI.  xir.  p.  488. 
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Porphyrilie  granite. — This  name  has  been  Bometimes  given  to 
thftt  variet3r  in  which  large  crystals  of  common  felspar,  sometimes 
more  tlian  3  inches  in  length,  are  scattered  tlirough  an  ordinary  base 
of  granite.  An  example  of  this  texture  may  be  seen  in  the  granite 
of  the  Land's  End,  in  Cornwall  (6g.  737.).  The  two  larger  prismatic 

Fi|.n7. 


crystals  in  this  drawing  represent  felspar,  smaller  crystals  of  which 
are  also  seen,  simiUr  in  form,  scattered  through  the  base.  In  thi^ 
base  also  appcHr  black  specks  of  mica,  the  crystals  of  which  have  a 
more  or  lea  perfect  hexagonal  outline.  The  remainder  of  the  mass 
is  quartz,  the  translucency  of  which  is  strongly  contrasted  to  the 
opaqueness  of  the  while  felspar  and  black  mica.  But  neither  the 
transparency  of  the  quartz  nor  the  silvery  lustre  of  the  mica  can  be 
Expressed  in  the  engraving. 

The  uniform  mineral  character  of  large  masses  of  granite  seemB 
to  indicate  that  large  quantities  of  the  component  elements  were 
thoroughly  mixed  up  together,  and  then  crystallized  under  precisely 
similar  conditions.  Tliere  are,  however,  many  accidental,  or  "  oc- 
casional," minerals,  as  they  are  termed,  which  belong  to  granit«. 
Among  these  black  schorl  or  tourmaline,  actinolite,  zircon,  ganiet, 
and  fluor  spar  are  not  uncommon  ;  but  they  are  too  sparingly  dis- 
persed to  modify  the  general  aspect  of  the  rock.  They  show,  never- 
theless, that  the  ingredients  were  not  everywhere  exactly  the  aamej 
and  a  still  greater  variation  may  be  traced  in  the  ever-varying  pro- 
portions of  the  felspar,  quartz,  and  mica. 

Syenite. — When  hornblende  is  the  substitute  for  mica,  which  is 
very  commonly  the  case,  the  rock  becomes  Syenite ;  so  called  from 
tlie  celebrated  ancient  quarries  of  Syene  in  Egypt.  It  has  all  the 
appearance  of  ordinary  granite,  except  when  mineralogically  ex- 
amined in  hand  specimens,  and  is  fully  entitled  to  rank  as  a  geo- 
logical member  of  the  same  plutonic  family  as  granite.  Syenite, 
however,  after  maintaining  the  granitic  character  throughout  ex- 
tensive regions,  is  not  uncommonly  found  to  lose  its  quartz,  and 
to  pass  insensibly  into  syenitic  greenstone,  a  rock  of  the  trap  family. 
Werner  considered  syenite  as  a  binary  compound  of  felspar  and 
hornblende,  and  regarded  quartz  as  merely  one  of  its  occasional 
minerals. 
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Syenilic  graniU. — The  quadruple  compound  of  qaartz,  felspar, 
mica,  and  hornblende,  may  be  so  termed.  Thia  rock  occurs  in  Scot- 
land and  in  Guernaey. 

Taleote  graniU,  or  Frotogine  of  the  French,  is  a  mixture  of  fel- 
Bpar,  quartz,  and  talc.  It  abounds  in  the  Alps,  and  in  some  parts  of 
Cornwall,  producing  by  its  decomposition  the  china  claj,  more  than 
12,000  tons  of  which  are  annually  exported  from  that  country  fur 
the  potteries." 

Schorl-rock,  and  tchorfy  granite. — The  former  of  these  is  an 
aggregate  of  Bchorl,  or  tourmaline,  and  quartz.  When  felspar  and 
mica  are  also  present,  it  may  be  called  scborly  granite.  This  kind  of 
granite  is  comparatively  rare. 

Euriu. — A  rock  in  which  all  the  ingredients  of  granite  are  blended 
into  a  finely  granular  mass.  When  crystalline,  it  is  seen  to  contain 
crystals  of  quartz,  mica,  common  felspar,  and  soda  felspar.  Whi-n 
there  is  no  mica,  and  when  common  felspar  predominates,  so  as  to 
give  it  a  white  colour,  it  becomes  a  felspathic  granite,  called  "  white- 
stone  "  ( Weisstein)  by  Werner,  or  Leptynite  by  the  French,  in  whicb 
microscopic  crystals  of  garnet  are  often  present 

All  these  and  other  varieties  of  granite  pass  into  certMo  kinds  of 
trap — a  circumstance  which  affords  one  of  many  argnmenta  in  favour 
of  what  is  now  the  prevailing  opinion,  that  the  granites  are  also  of 
igneous  origin.  The  contrast  of  the  most  crystalline  form  of  granite 
to  that  of  the  most  common  and  earthy  trap  is  undoubtedly  great ; 
but  each  member  of  the  volcanic  class  is  capable  of  becoming  por- 
phyritic,  and  the  base  of  the  porphyry  may  be  more  and  more  cry^ 
talline,  until  the  mass  passes  to  the  kind  of  granite  most  nearly  allied 
in  mineral  composition. 

The  minerals  which  constitute  alike  the  granitic  and  volcaw 
rocks  consist,  almost  exclusively,  of  seven  elements,  namely,  silica, 
alumina,  magnesia,  lime,  soda,  potash,  and  iron  (see  Table,  p.  602.]: 
and  these  may  sometimes  exist  in  about  the  same  proportions  in  s 
poroua  lava,  a  compact  trap,  or  a  crystalline  granite.  It  may  per- 
haps be  found,  on  further  examination — for  on  this  subject  we  haw 
yet  much  to  learn— that  the  presence  of  these  elements  in  certain 
proportions  is  more  favourable  than  in  others  to  their  assuming  a 
crystalline  or  true  granitic  structure  ;  but  it  is  also  ascertained  by 
experiment,  that  the  same  materials  may,  under  different  circuof 
stances,  form  very  different  rocks.  The  same  lava,  for  example, 
may  be  glassy,  or  scoriaceous,  or  stony,  or  porphyritic,  according  to 
the  more  or  loss  rapid  rate  at  which  it  cools  ;  and  some  trachytes  and 
B yen i tic-greenstones  may  doubtless  form  granite  and  syenite,  if  the 
crystallixation  take  place  slowly. 

It  has  also  been  suggested  that  the  peculiar  nature  and  stractue 
of  granil«  may  be  due  to  its  retaining  in  it  that  -water  which  is  seen 
to  escape  from  lavas  when  they  cool  slowly,  and  consolidate  in  the 
atmosphere.    Boutigny's  experiments  have  shown  that  melted  matter, 

*  Bosh  on  Primary  (jeology,  p.  16. 
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»t  a  white  heat,  requires  to  have  its  temperature  lowered  before  it 
can  vapourize  water ;  and  anch  discoveries,  if  thej  fail  to  explain  the 
mRDuer  in  which  granites  have  been  farmed,  serve  at  least  to  remind 
us  of  the  entire  distinctaees  of  the  conditions  under  which  plutonic 
and  volcanic  rocks  rauat  be  produced.* 

It  would  be  eavy  to  multipl}'  examples  and  authorities  to  prove 
the  gradation  of  the  granitic  into  the  trap  rocks.  On  the  western 
side  of  the  fiord  of  Cbristiania,  in  Norway,  there  is  a  large  district 
of  trap,  chiefly  green  stone- porphyry  and  syeni  tic- green  stone,  resting 
on  foBsiliferous  strata.  To  this,  on  its  southern  limit,  succeeds  a 
region  equally  extensive  of  syenite,  the  pasaagA  from  the  volcanic  to 
the  plutonic  rock  being  so  gradual  that  it  is  impossible  to  draw  a 
line  of  demarcation  between  them. 

"The  ordinary  granite  of  Aberdeenshire,"  says  Dr.  MacCulloch, 
*'  is  the  usual  ternary  compound  of  quartE,  felspar,  and  mica  ;  but 
eometimea  hornblende  is  substituted  for  the  mica.  But  in  many 
places  a  variety  occnrs  which  is  composed  simply  of  felspar  and 
hcH-nblende  ;  and  in  examining  more  minutely  this  duplicate  com- 
pound, it  is  observed  in  some  places  to  assume  a  fine  grain,  and  at 
length  to  become  undistinguishable  IVom  the  greenstones  of  the  trap 
family.  It  also  passes  in  the  same  uninterrupted  manner  into  a 
basalt,  and  at  length  into  a  soft  claystone,  with  a  schistose  tendency 
on  exposure,  in  no  respect  differing  from  those  of  the  trap  islands  of 
the  western  coast."  The  same  author  mention)),  that  in  Shetland 
a  granite  composed  of  hornblende,  mica,  felspar,  and  quartz  graduates 
in  an  equally  perfect  manner  into  basalt.f 

In  Hungary  there  are  varieties  of  trachyte,  which,  geologically 
speaking,  are  of  modern  origin,  in  which  crystals,  not  only  of  mica, 
but  of  quartz,  are  common,  together  with  felspar  and  hornblende. 
It  is  easy  to  conceive  how  such  volcanic  masses  may,  at  a  certain 
depth  from  the  surface,  pass  downwards  into  granite. 

I  have  already  hinted  at  the  close  analogy  in  the  forms  of  certain 
granitic  and  trappean  veins  ;  and  it  will  be  found  that  strata  pene- 
trated by  plutonic  rocks  have  suffered  changes  very  similar  to  those 
exhibited  near  the  contact  of  volcanic  dikes.  Thus,  in  Glen  Tilt, 
in  Scotland,  alternating  strata  of  limestone  and  argillaceous  schist 
come  in  contact  with  a  mass  of  granite.  The  contact  does  not 
take  place  as  might  have  been  looked  for,  if  the  granite  had  been 
formed  there  before  the  strata  were  deposited,  in  which  case  the 
section  would  have  appeared  as  in  Sg.  738. ;  but  the  union  is  as 
represented  in  fig.  739.,  the  undulating  outline  of  the  granite 
intersecting  different  strata,  and  occasionally  intruding  itself  in 
tortuous  veins  into  the  beds  of  clay-slate  and  limestone,  from 
which  it  differs  so  remarkably  in  composition.  The  limestone  is 
sometimes  changed  in  character  by  the  proximity  of  the  granitic 
mass  or  its  veins,  and  acquires  a  more  compact  texture,  like  that  of 

r.,  pp.  1318.  and  1330. 
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hornstODe  or  chert,  with  a  splintery  fractar^  and  effervescing  freelf 
with  acids. 
The  aanexed  diagram  (tig.  740.)  repreBeats  aoother  jnnctioD,  in 
Fi|.  ^^lb. 


the  same  district,  where  the  granite  sends  forth  so  many  veins  u  lo 
rel.iculate  the  limestone  and  schist,  tlie  veins  diminishing  towards 
their  termination  to  the  thicknesB  of  a  leaf  of  paper  or  a  thread. 
In  Kome  places  fragments  of  granite  appear  entangled,  as  it  were, 
in  the  limestone,  and  ere  not  visibly  connected  with  any  larg^'' 
mass ;  while  sometimes,  on  the  other  band,  a  lump  of  the  linrntoo^ 


•  Geol.  Tran».,  Firm  S 
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is  found  ia  the  midst  of  the  granite.  The  ordinary  colour  of  the 
limesloae  of  Glen  Tilt  is  lead  blue,  and  itj  texture  large-grained 
and  highly  crystalline ;  but  where  it  approximates  to  the  granite, 
particularly  where  it  is  penetrated  by  the  smaller  veins,  the  crys- 
talline texture  disappears,  and  it  assumes  an  appearance  exactly 
resembling  that  of  hornstone.  The  associated  argillaceous  schist 
ofien  passes  into  hornblende  slate,  where  it  approaches  very  near  to 
the  granite.* 

The  conversion  of  the  limestone  in  these  and  many  other  in- 
slnnces  into  a  siliceous  rock,  effervescing  slowly  with  acids,  would 
be  difficult  of  explanation,  were  it  not  ascertained  that  sucli  lime- 
stones are  always  impure,  containing  grains  of  quartz,  mica,  or  felspar 
disseminated  through  them.  The  elements  of  these  minerals,  when 
the  rock  has  been  subjected  to  great  heat,  may  have  been  fused,  and 
so  spread  more  uniformly  through  the  whole  mass. 

In  the  plutonic,  as  in  the  volcanic  rocks,  there  is  every  gradation 
fi'om  a  tortuous  vein  to  the  most  regular  form  of  a  dike,  such  as 
iutersect  the  tufia  and  lavas  of  Yesuvius  and  Etna.  Dikes  of 
granite  may  be  seen,  among  other  places,  on  the  southern  flank  of 
Mount  Battock,  one  of  the  Grampians,  the  opposite  walls  sometimes 
preserving  an  exact  parallelism  for  a  considerable  distance. 

As  a  general  rule,  however,  granite  veins  in  all  quarters  of  the 
globe  are  more  sinuous  in  their  course  than  those  of  trap.  They 
present  similar  shapes  at  the  most  northern  point  of  Scotland,  and 
the  southernmost  extremity  of  Africa,  as  the  annexed  drawings 
will  show. 


{UkCqIIocS.) 


It  is  not  uncommon  for  one  set  of  granite  veins  to  intersect 
another  ;  and  sometimes  there  are  three  sets,  as  in  the  environs 
of  Heidelberg,  where  the  granite  on  the  banks  of  the  river  Necker 
is  seen  to  consist  of  three  varieties,  differing  in  colour,  grain,  and' 

*  MacCalloch,  Geol.  Trans.,  vol.  iiL    Edioborgfa,  vol.  Tii. 
p.  aSB.  t  Western  Islands,  pi.  31. 

t  Capt.  B.  Halt,  Trans,  Koy,  Soc. 
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various  pecnliaritieB  of  mineral  composition.  One  of  these,  which 
is  evidently  the  second  in  age,  ia  seen  to  cat  through  an  older 
granite  j  and  another,  atill  newer,  traverses  both  the  second  and  the 
flrat 

In  Shetland  there  are  two  kinds  of  granite.  One  of  them,  com- 
posed of  hornblende,  mica,  felspar,  and  quartz,  is  of  a  dark  colour, 
and  is  seen  underlying  gneiss.  The  other  is  a  red  granite,  which 
penetrates  the  dark  variety  everywhere  in  veins." 

The  accompanying  sketches  will  explain  the  manner  in  which 
granite  veins  often  ramify  and  cut  each  other  (figs.  743  and  744  ), 


CtMltE  tfIdi  IrmenlDg  inclii  n  Cipt  Wrmth.  tn  Scotlud.    {UuCuUgd.) 

They  represent  the  manner  in  which  the  gneiss  at  Cape  Wrath,  in 
Sutherlftndshire,  is  intersected  by  veins.  Their  light  colour  stronfl; 
contraiSted  with  that  of  the  hornblende-schist,  here  associated  with 
the  gneiss,  renders  them  very  conspicuous. 

Granite  very  generally  assumes  a  finer  grain,  and  undergoes  ■ 
change  in  mineral  composition,  in  the  veins  which  it  sends  into  con- 
tiguous rocks.  Thus,  according  to  Professor  Sedgwick,  the  mail 
body  of  the  Cornish  granite  is  an  aggregate  of  mic&,  quartz,  and 
felspar  ;  but  the  veins  are  sometimes  without  mica,  being  a  grannlar 
aggregate  of  quartz  and  felspar.  In  other  varieties  quarts  prevail? 
to  the  almost  entire  exclusion  both  of  felspar  and  mica  ;  in  others, 
the  mica  and  quartz  both  disappear,  and  the  vein  is  simply  composed 
of  white  granular  felspar.f 

Fig.  744.  is  .a  sketch  of  a  group  of  granite  veins  in  Cornwall, 
given  by  Messrs.  Von  Oeynhausen  and  Von  Dechen.f  The  main 
body  of  the  granite  here  is  of  a  porphyrytic  appearance,  with  large 
crystals  of  felspar  ;  but  in  the  veins  it  is  fine-grained,  and  without 
these  large  crystals.  The  general  height  of  the  veins  is  from  16  to 
20  feet,  but  some  are  much  higher. 

In  the  Valorsine,  a  valley  not  far  from  Mont  Blanc  in  Savoy,  an 
ordinary  granite,  consisting  of  felspar,  quartz,  and  mica,  sends  forth 
veins  into  a  talcose  gneiss  (or  stratified  protogine),  and  in  soaae 

■  HacCallocb,  Sjit.  of  Qeol.,  voL  L     toL  i.  p.  I!4. 
p.  H9-  t  PhiL   Mag.  and  Annak  No.  V- 
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places  lateral  ramifications  are  thrown  off  from  the  principal  veins  at 
right  angles  (see  fig.  745.),  the  Teins,  especi^ly  the  minute  ones, 
being  finer  grained  than  the  granite  in  mass. 

It  is  here  remarked,  that  the  schist  and  granite,  as  tbe^  approach, 
seem  to  exercise  a  reciprocal  influence  on  each  other,  for  both 


undergo  a  modification  of  mineral  character.  The  granite,  sUU 
remaining  uustratified,  becomes  charged  with  green  particles;  and 
the  talcose  gneiss  assumes  a  granitiform  structure  without  loeing  its 
stratification* 

Professor  Keilhan  drew  mj  attention  to  several  localities  in  the 
couDtry  near  Chrlstiania,  where  the  mineral  character  of  gneiss 
appears  to  hare  been  afiected  hy  a  granite  of  mach  newer  origin, 
for  some  distance  from  the  point  of  contact.  The  gneiss,  without 
losing  its  laminated  structure,  seems  to  have  become  charged  with  a 
larger  quantity  of  felspar,  and  that  of  a  redder  colour,  than  the 
felspar  usually  belonging  to  the  gneiss  of  Norway. 

Granite,  syenite,  and  those  porphyries  which  have  a  granitiform 
structure,  in  short  alt  plutonic  rocks,  are  frequently  observed  to 
contain  metals,  at  or  near  their  junction  with  stratified  formations. 
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On  the  other  hand,  the  veins  which  traverse  stratified  rocks  are,  as 
a  general  law,  more  metalliferous  near  such  junctions  than  in  otlier 
poeitioDs.  Hence  it  has  been  inferred  that  these  metals  majr  have 
been  spread  in  a  gaseous  form  throngh  the  fused  mass,  and  that  the 
contact  of  another  rock,  in  a  different  stal«  of  temperature,  or  some- 
times the  existence  of  rents  in  other  rocks  in  the  vicinitj,  maj  have 
caused  the  sublimation  of  the  metals.* 

There  are  mau^r  instances,  as  at  Markerud,  near  Christiania,  in 
Norway,  where  the  strike  of  the  beds  has  not  been  deranged 
throughout  a  large  area  by  the  intrusion  of  granite,  both  in  large 
masses  and  in  veins.  This  fact  is  considered  by  some  geologists  b> 
militate  against  the  theory  of  the  forcible  injection  of  granilA  in  a 
fluid  state.  But  it  may  be  stated  in  reply,  that  ramifying  dikes  of 
trap  also,  which  almost  all  now  admit  to  have  been  once  fluid,  p»ss 
through  the  same  fossiliferous  strata,  near  Christiania,  without 
deranging  their  strike  or  dip.f 

The  real  or  apparent  isolation  of  large  or  small  masses  of  granite 
detached  from  the  main  body,  as  at  a.  b,  fig.  746,  and  above,  fig. 
739.,  and  a,  fig.  745.,  has  been  thought  by  some  writers  to  be  irrt- 
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coucilable  with  the  doctrine  usually  taught  respecting  veins;  but 
many  of  them  may,  in  fact,  be  sections  of  root-shaped  prolongations 
of  granite  ;  while,  in  other  cases,  they  may  in  reality  be  detached 
portions  of  rock  having  the  plutonic  structure.  For  then  may 
have  been  spots  in  the  midst  of  the  invaded  strata.  In  which  there 
was  an  assemblage  of  materials  more  fusible  than  the  rest,  or  more 
Utted  to  combine  readily  into  some  form  of  granite. 

Veins  of  pure  quartz  are  often  found  in  granite  as  in  many 
stratified  rocks,  but  they  are  not  traceable,  like  veins  of  granite  or 
trap,  to  large  bodies  of  rock  of  similar  composition.  They  aj^iear 
to  have  been  cracks,  into  which  siliceous  matter  was  infiiiered. 
Such  segregation,  as  it  is  called,  can  sometimes  be  shown  to  have 
clearly  taken  place  long  subsequently  to  the  original  consolidation 
of  the  containing  rock.  Thus,  for  example,  I  observed  in  the 
gneiss  of  Tronstad  Strand,  near  Drammen,  in  Norway,  the  anoexfed 
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Bection  on  the  be&ch.  It  appears  that  the  alternkting  strata  of 
wbitiah  granitiftirm  gneiss  and  black  horableade-echist  were  first  cat 
tbroogh  by  a  greenstone  dike,  Fii.7n. 

about  2}  feet  wide ;  then  the  ommtoiii 

crsck  ob  pused  through  aU     ""^  °'^'  •'■«^*- 

tliese  rocks,  and  was  filled  up 
with  qnartz..  The  opposite  , 
walls  of  the  rein  are  lu  some 
parts  incrusted  with  trans- 
parent crystsls  of  quartc,  the 
middle  of  the  vein  being  flUed 
up  with  common  opaque  whHe 
quarts. 

We  have  seen  that  the  vol-  tt  ou>rBnin|iuiingthtangiiriieiti>nciir«B> 
canic  fomatioas  have  been  ™«,  T™«-d  »,«■..„-,  Chri..i«>.. 
called  overlj'iDg,  because  they  not  only  penetrate  others  but  spread 
over  them.  M.  l?ecker  has  proposed  to  call  the  granites  the 
underlying  igneous  rocks,  and  the  distinction  here  indicated  is 
highly  characteristic.  It  wag  indeed  supposed  by  some  of  the 
earlier  observers,  that  the'  granite  of  Chrietiania,  in  Norway,  was 
intercalated  in  mountain  masses  between  the  primary  or  paleozoic 
strata  of  that  country,  so  as  to  overlie  fossiliferoas  shale  and  lime- 
Stone.  Bat  although  the  granite  sends  veins  into  these  fossiliferous 
rocks,  and  is  decidedly  posterior  in  origin,  its  actual  superposition 
in  mass  has  been  disproved  by  ProfesBor  Keilhau,  whose  obser- 
vations 9D  this  controverted  point  I  had  opportunities  in  1837  of 
verifying.  There  are,  however,  on  a  smaller  scale,  certain  beds  of 
enrkic  porphyry,  some  a  few  feet,  others  many  yards  in  thickness, 
which  pass  into  granite,  and  deserve  perhaps  to  be  classed  as 
ptutonic  rather  than  trappean  rocks,  which  may  truly  be  described 
as  interposed  conformably  between  fossiliferons  strata,  as  the  por- 
phyries (a,  c,  flg.  748.),  which  divide  the  bitaminoua  shalea  and 
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argillaceous  limestones, /yi  But  some  of  these  same  porphyries  are 
partially  unconformable,  as  £,  and  may  lead  us  to  suspect  that  the 
others  also,  notwithstanding  iheif  appearance  of  interstratification, 
have  been  forcibly  injected.  Some  of  the  porphyritic  rocks  above 
mentioned  are  highly  quartcose,  others  very  felspathic.  In  pro- 
portion as  the  masses  are  more  voluminous,  they  become  more 
granitic  in  their  texture,  less  conformable,  and  even  begin  to  send 
forth  veins  into  contiguous  strata.     In  a  word,  we  have  here  a 
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beautiful  illoBtrfttion  of  the  iotermediatA  gradations  between  volcanic 
and  plutonic  rocks,  not  only  in  their  mineralogical  composition  and 
Btrncture,  but  aleo  in  their  relntions  of  position  to  associated  form- 
ations. If  the  term  "overlying"  can  in  this  instance  be  applied  to  * 
plutonic  rock,  it  is  only  in  proportion  as  that  rock  begins  to  acquire 
a  trappean  aspect. 

It  has  been  already  hinted  that  the  beat,  which  in  every  active 
volcano  extends  downw&rds  to  indefinite  depths,  must  produce 
simnltaDeously  very  different  effects  near  the  surface  and  far  below 
it  ;  and  we  cannot  suppose  that  rocks  reinlting  from  the  crystal- 
lizing of  fused  matter  uuder  a  pressure  of  several  tbausand  feel, 
much  leas  miles,  of  the  earth's  crust  can  resemble  those  fwmed  at  or 
near  the  surface.  Hence  the  production  at  great  depths  of  a  cltf^ 
of  rocks  analogous  to  the  volcanic,  and  yet  difiering  in  many  pv- 
ticulus,  might  also  have  been  predicted,  even  had  we  no  plalooi; 
formations  to  account  for.  How  well  these  agrec^  both  in  their 
positive  and  negative  characters,  with  the  theory  of  their  deep 
subterranean  origin,  the  studeut  will  be  able  tojudg«  by  conaideriQ^ 
the  descriptions  already  given. 

It  has,  however,  been  objected,  that  if  the  granitic  and  rolcwiic 
rocks  were  simply  different  parts  of  one  great  series,  we  onght  lo 
find  in  mountain  chains  volcanic  dikes  passing  upwards  into  lavi 
aud  downwards  into  granite.  But  we  may  answer  that  our  vertical 
sections  are  usually  of  small  extent ;  and  if  we  find  in  certain  placet 
a  transition  from  trap  to  porous  lava,  and  in  others  a  passage  from 
granite  to  trap,  it  is  as  much  as  could  he  expected  of  thia  evidence- 

The  prodigious  extent  of  denndatian  which  has  been  already  de- 
monstrated to  have  occurred  at  former  period^  will  reconcile  tbc 
student  to  the  belief  that  crystalline  rocka  of  high  antiqaity.  sl- 
though  deep  in  the  earth's  crust  when  originally  formed,  maybtn 
become  uncovered  aud  exposed  at  the  surface.  Their  actual  ele- 
vation above  the  sea  may  be  referred  to  the  same  causes  to  wbic> 
we  have  attributed  the  upheaval  of  marine  strata,  even  to  tlif 
summits  of  some  mountain  chains.  But  to  these  and  other  topics  I 
shall  revert  when  speaking,  in  the  next  chapter,  of  the  relative  age? 
of  different  masses  of  granite. 
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CHAPTER  XXXTT. 

ON  THE  DIFPERENT  AQIS  OF  THE  FLDTONIC  SOCS8. 

Difflcnt^  in  uceRsImng  the  pradN  age  of  a  plntooic  rack— Ten  of  ag«  bj  Telatirs 
poaitkHi — TeM  bj  mlmiioii  and  alUntion — Teat  bj  mineni  compoaitum  — 
Teat  bj  iucladed  RragmeaCa — Becent  and  Pliocene  jdntank)  locka,  wb;  invisible 
— Tcniai7  plnConic  rocki  io  cbe  Andes — Qranite  alleiing  CretaxHKHU  locka  — 
Oranite  Blieriog  lias  in  (be  Alpa  and  in  Skfe  —  Gruiite  of  Dartmoor  allenng 
Cirboniferoua  strata — Oranite  of  the  Old  Red  Sandstone  period — Syenite 
alEering  Silnrian  ttrtM  io  Norway — Blending  of  the  same  with  gneiaa  —  Most 
ancient  plntonic  rocka — Qranile  protruded  in  a  coUd  form— <hi  the  probable  api 
of  the  giranitea  of  Amu,  m  Scotland. 

When  we  adopt  the  igneous  theoiy  of  gr&nite,  as  explained  in  tite 
last  chapter,  and  believe  that  difierent  plutonic  rockg  have  originated 
at  saccessive  periods  beneath  the  surface  of  the  planet,  we  most  be 
prepared  to  encounter  greater  difficult;  in  ascertaining  the  precise 
tige  of  snch  rocks,  than  in  the  case  of  volcanic  and  fossiliferous  fonn- 
utions.  We  must  bear  in  mind,  that  the  evidence  of  the  age  of 
cacb  contemporaneous  volcanic  rock  was  derived,  either  from  lavas 
jMiurcd  oat  upon  the  ancient  surface,  whether  in  the  sea  or  in  the 
acmoaphere,  or  from  tuffs  and  conglomerates,  also  deposited  at  the 
surface,  and  either  containing  organic  remains  themselves,  or  inter- 
ciilated  between  strata  containing  fbssils.  But  all  these  tests  fail 
when  we  endeavour  to  fix  the  chronology  of  a  rock  which  has  crys- 
tallized  from  a  state  of  fusion  in  the  bowels  of  the  earth.  In  that 
c.iae,  we  are  reduced  to  the  following  tests:  1st,  relative  position; 
2<ll7,  intrusion,  and  alteration  of  the  rocks  in  contact ;  Sdljr,  mineral 
cliaractersi  4thl7,  included  fragments. 

Tetl  of  age  by  relative  potitum. — Unaltered  fbssiliferons  strata  of 
ever;  age  are  met  with  reposing  immediately  on  plutonic  rocks  i  as 
at  Christionia,  in  Norway,  where  the  Poat-plioeene  depoeila  rest  on 
granite  ;  in  Auvergne,  where  the  freshwater  Miocene  strata,  and 
at  Heidelberg,  on  tbe  Bhine,  where  the  New  Red  sandstone  occupy 
a  similar  place.  In  all  these^  and  similar  instances,  inferiority  in 
position  is  connected  with  the  superior  antiquity  of  granite,  Tbe 
crystalline  rock  was  solid  before  tbe  sedimentBij  beds  were  super- 
imposed, and  tbe  latter  usually  contain  in  them  rounded  pebbles  of 
the  subjacent  granite. 

Te»t  by  mtrusion  and  alteration. — But  when  plntonio  rocks  send 
voins  into  strata,  and  alter  them  near  the  point  of  contact,  in  the 
manner  before  described  (p.  701.),  it  is  clear  that,  like  intrusive 
traps,  they  are  newer  than  tbe  strata  which  they  invade  and  alter. 
Examples  of  the  application  of  this  test  will  be  given  in  the  sequel 


I,  L.OOgIc 


710  EEOENT  AND  PLIOCENE  [Ca.  XXXIT. 

Tett  by  mineral  compotition. — Notwithstanding  %  general  nni' 
formity  in  the  aspect  of  plutonic  rocks,  we  have  seen  in  the  last  dap- 
ter  that  there  are  many  varieties,  such  aa  Syenite,  Talcose  granite, 
and  others.  One  of  these  varieties  is  sometimes  fonad  exclosivel  j 
prevfuling  throughout  an  extensive  region,  where  it  preservet  a 
homogeneous  character;  rao  that,  having  ascertained  ita  reladve  age 
in  one  place,  we  can  easily  recognize  its  identity  in  others,  and  thus 
determine  from  a  single  section  the  chronological  xelations  of  large 
moant&in  masses.  Having  observed,  for  example,  that  the  syeoitic 
granite  of  Norway,  in  which  the  mineral  called  lircon  abounds,  ius 
altered  the  Silurian  strata  wherever  it  is  in  contact,  we  do  not 
hesitate  to  t>efer  other  masses  of  the  same  eircon-eyenite  in  the  soulli 
of  Norway  to  the  same  era. 

Some  have  imagined  that  the  age  of  difierest  granites  might,  to  ■ 
great  extent, be  determined  by  their  mineral  characters  aloae;  syenite, 
for  instance,  or  granite  with  hornblende,  b^ng  more  modem  than 
common  or  micaceons  granite.  But  modem  investJgatiMis  have  proved 
these  generalizatioiiB  to  have  been  premature.  The  syenitic  grmniie 
of  Norway  already  alluded  to  may  be  of  the  some  age  as  the  Siinrian 
strata,  which  it  traverses  and  alters,  or  may  belong  to  the  Old  Red 
sandstone  period ;  whereas  the  granite  of  Dartmoor,  although  con- 
sisting  of  mica,  qaarijc,  and  felspar,  ia  newer  than  the  coaL  (See 
p.  716.) 

Test  by  ineladtd  fragmentt, — This  criterion  can  rarely  Im  of  math 
importance,  because  the  fragments  invelved  in  granite  are  usually  m 
much  altered,  that  they  cannot  be  refa*red  with  certainty  to  the  rocki 
whence  they  were  derived.  In  the  White  Monntju&s,  in  Nortli 
America,  according  to  Professor  Hubbard,  a  granite  vein,  traversin; 
granite,  contains  fr^^ments  of  slate  and  tn^  which  must  have  bllm 
into  the  fissure  when  the  fused  materials  of  the  vein  were  injewd 
from  below*,  and  thus  the  granite  is  shown  te  be  newn"  than  certain 
superficial  slaty  and  trappean  formatioas. 

Reotnt  and  FUocene  plutonie  rocks,  why  invUibk.  —  The  expUna- 
tions  already  given  in  the  2dth  and  in  the  last  chapter  of  the  probable 
relation  of  the  plutonie  to  the  volcanic  formations,  will  naturally  lead 
the  reader  to  infer,  that  rocks  of  the  one  class  can  never  be  produced 
at  or  near  the  surface  without  some  members  oil  the  other  being 
formed  below  simultaneously,  or  Boon  afterwards.  It  ia  not  niMon* 
moD  for  lava-streams  to  require  more  than  ten  years  to  cool  in  the 
open  air ;  and  where  they  ftre  of  great  depth,  a  mnch  longer  period. 
The  melted  matter  ponred  from  Jorollo,  in  Mexico,  in  the  year  173S. 
which  accumulated  in  some  places  to  the  height  of  550  feet,  n^ 
found  to  retain  a  high  temperature  half  a  century  after  the  erupti<»i-t 
We  may  conceive,  therefore,  that  great  masses  of  subterranean  lava 
may  remain  in  a  red'hot  or  incandescent  state  in  the  volcanic  foci 
for  immense  periods,  and  the  process  of  refrigeration  may  be  ex- 
tremely gradual.     Sometimes,  indeed,  this  process  may  be  retarded 

•  SUimoa's  Joun)„  No,  69-  p.  183.  t  See  "PrincijOia,''  luAti,  "JoraHo." 
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for  ui  indefinite  period,  by  the  acceasion  of  fresh  mpplies  of  hekt ; 
for  we  find  that  the  lava  in  the  crater  of  Stromboli,  one  of  the  Lipari 
Islands,  haa  been  in  a  state  of  constant  ebullition  for  the  last  two 
thonsand  yean  -,  and  we  may  suppose  this  fluid  mass  to  commuaicato 
with  some  caldron  or  reaerroir  of  fused  matter  below.  In  the  Isle 
of  Bourbon,  also,  where  there  hag  been  an  emission  of  lava  once  in 
every  two  yeara  for  a  long  period,  the  lava  below  can  scarcely  fail  to 
have  been  permanently  in  a  state  of  liqneEaction.  If  then  it  be  a 
reasonable  conjecture,  that  about  2000  volcanic  erapdons  occur  in 
the  course  of  every  century,  either  above  the  waters  of  the  sea  or 
beneath  them*,  it  will  follow,  that  the  quantity  of  plutonic  rock 
generated,  or  in  progress  dnring  the  Recent  epoch,  must  already  have 
been  considerable. 

But  as  the  plutonic  rocka  originate  at  some  depth  in  the  earth's 
crust,  they  can  only  be  rendered  accessible  to  human  obeervalaon,  by 
Bubseqneiit  upheaval  and  denudation.  Between  the  period  when  a 
plutonic  rock  crystalliEee  in  the  subterranean  regions  and  the  era  of 
its  protrusion  at  any  single  point  of  the  surface,  one  or  two  geological 
periods  must  uaually  intervene.  Hence,  we  must  not  expect  to  find 
the  Recent  or  even  the  Pliocene  granites  laid  open  to  view,  unless 
we  are  prepared  to  assume  that  sufficient  time  has  elapsed  since 
the  commencement  of  the  Pliocene  period  for  great  upheaval  and 
denudation.  A  plut^mic  rock,  therefore,  must,  in  general,  be  of  con- 
siderable antiquity  relatively  to  the  fosailiferons  and  volcanic  forma- 
tions, before  it  becomes  extensively  visibla  As  we  know  that  the 
upheaval  of  land  has  been  sometimes  accompanied  in  South  America 
by  volcanic  eruptions  and  the  emission  of  lava,  we  may  conceive  the 
more  ancient  plutonio  rocks  to  be  forced  upwards  to  the  surface  by 
the  newer  rocks  of  the  same  class  formed  successively  below, — sub- 
terposition  in  the  plutonic,  like  superposition  in  Uie  sedimentary 
rocks,  being  usually  characteristic  of  a  newer  origin. 

In  the  accompanying  diagram  (fig.  749.X  «n  attempt  is  made  to 
show  the  inverted  order  in  which  sedimentary  and  plutonic  forma- 
tions may  occur  in  the  earth's  cmst 

The  oldest  plutonic  rock.  No.  L,  has  been  upheaved  at  successive 
peri<Hls  until  it  has  become  exposed  to  view  in  a  mountain -chain. 
This  protrusion  of  No.  L  has  been  caused  by  the  igneous  agency 
which  produced  the  newer  plutonic  rocks  Nob.  H.  IIL  and  IV. 
Part  of  the  primary  fosuUferous  strata.  No.  1.,  have  also  been  raised 
to  the  surface  by  the  same  gradual  process.  It  will  be  observed  that 
the  Recent  strata  No.  4.  and  the  Recent  granite  or  plutonic  rock 
No.  IT.  are  the  most  remote  f¥om  each  other  in  position,  although 
of  contemporaneous  date.  According  to  this  hypothesis,  the  con- 
vulsions (^  many  periods  will  be  required  before  Recent  or  Post- 
tertiaiy  granite  will  be  upraised  so  as  to  form  the  highest  ridges 
and  central  axes  of  mountain-chains.     During  that  time  the  Recent 

*  "Rjndplei,''  Jndat,  "Totcaaic  Ernptiana'* 
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Btnita  No.  4.  might  be  covered  b;  k  great  mhaj  newer  Bedimentaiy 
formations. 

Eocene  granite  and  plulonic  roekt. — Iq  a  former  part  of  thia 
volume  (p.  304.),  the  great  oiunmulitic  formation  of  the  Alps  and 
Pyrenees  waa  referred  to  the  Eocene  period,  and  it  follows  &a.t  thou 
TBst  movements  which  have  raiaed  foasiliferons  rocks  tnm  the  level 
of  the  sea  to  the  height  of  more  than  10,000  feet  above  its  level 
have  taken  place  since  the  commencement  of  the  tertiary  epoch. 
Here,  therefore,  if  anywhere,  we  might  expect  to  find  hypogene 
formations  of  Eocene  date  breaking  ont  in  the  central  axis  or  most 
disturbed  region  of  the  lofldest  chain  in  Europe.  Accordingly,  in 
the  Svrise  Alps,  even  tboJiyKh,  or  upper  portion  of  the  nummnlitic 
series,  has  been  occasion^y  invaded  by  plntonic  rocks,  and  converted 
into  crystalline  schists  of  the  hypogene  class.  There  can  be  little 
doubt  that  even  the  talcose  granite  or  gneiss  of  Mont  Blanc  itself  has 
been  in  a  fused  or  past;  state  since  ibejlgfch  was  deposited  at  the 
bottom  of  the  sea;  and  the  question  as  to  its  age  is  not  so  much 
whether  it  be  a  secondary  or  tertiary  granite  or  gneiss,  as  whether  it 
should  be  assigned  to  the  Eocene  or  Miocene  epoch. 

Great  upheaving  movements  have  been  experienced  in  the  region 
of  the  Andes,  during  the  Post-tertiary  period.  Jn  some  part^there- 
fore,  of  this  chun,  we  may  expect  to  discover  tertiary  plntonic  rocks 
laid  open  to  view.  What  we  already  know  of  the  structure  of  the 
Chiliaii  Andes  seems  to  realize  this  expectation.  In  a  transverse 
section,  examined  by  Mr.  Darwin,  between  Valparaiso  and  Mendoza, 
the  Cordillera  was  found  to  consist  of  two  separate  and  parallel 
chains,  formed  of  sedimentary  rocks  of  different  ages,  the  strata  in 
both  resting  on  plutonio  rocks,  by  which  the;  have  been  altered. 
In  the  western  or  oldest  range,  called  the  Peuqnenes,  are  black  cal- 
careous clay-slates,  rising  to  the  height  of  nearly  14,000  feet  above 
the  sea,  in  which  are  shells  of  the  genera  Gryphaa,  Turritella,  7>- 
rebratula,  and  Ammonite,  These  rocks  are  supposed  to  be  of  the 
age  of  the  central  parts  of  the  secondary  series  of  Europe.  They 
arc  penetrated  and  altered  by  dikes  and  monntain  masses  of  a  plu- 
tonic  rock,  which  has  the  texture  of  ordinary  granite,  but  rarely 
contains  quartz,  being  a  compound  of  albite  and  hornblende. 

The  second  or  eastern  chain  consists  chiefly  of  sandstones  and 
conglomerates,  of  vast  thickness,  the  materials  of  which  are  derived 
&om  the  ruins  of  the  western  chain.  The  pebbles  of  the  conglome- 
rates are,  for  the  most  part,  rounded  fragments  of  the  fossiliferous 
slates  before  mentioned.  The  resemblance  of  the  whole  series  to 
certain  tertiary  deposits  on  the  shores  of  the  Pacific,  not  only  in 
mineral  character,  but  in  the  imbedded  lignite  and  silicified  woods, 
leads  to  the  conjecture  that  they  also  are  tertiaiy.  Yet  these  strata 
are  not  only  associated  with  trap  rocks  and  volcanic  tufis,  but  are  also 
altered  by  a  granite  consisting  of  quartz,  felspar,  and  talc.  They  are 
traversed,  moreover,  by  dikes  of  the  same  granite,  and  by  numerous 
veins  of  iron,  copper,  arsenic,  sUver,  and  gold ;  all  of  wUch  can  be 
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traced  to  the  tmderljing  gruiite.*  We  hare,  therefwe,  sbong 
ground  to  presume  that  the  plutonic  rock  here  exposed  on  t,  Urge 
HCftle  in  the  Chilian  Andes  is  of  later  date  than  certaia  tertiaiy 
formations. 

But  the  theor;  adopted  in  this  work  of  the  sabterranean  origin  of 
the  hjpogene  formBtions  would  be  untenable,  if  the  supposed  &ct 
here  alluded  to,  of  the  appearance  of  tertiary  granite  at  the  surface^ 
was  not  a  rare  exception  to  the  general  rule.  A.  considerable  l^ue 
of  time  must  interrene  between  the  formatian  of  plutonic  and  meta- 
moTphic  rocks  in  the  nether  regions,  and  their  emergence  at  the  tur- 
iace.  For  a  long  series  of  subterranean  movements  most  occur 
before  snch  rocks  can  be  uplifted  into  the  atmosphere  or  the  ocean; 
and,  before  thej  can  be  rendered  visible  to  man,  some  strata  which 
previously  eoveni  them  must  usually  have  been  stripped  off  by  de- 
nudation. 

We  know  that  in  the  Bay  of  Boira  in  1538,  in  Cutch  in  1819, 
and  on  several  occasions  in  Peru  and  Chili,  since  the  commencement 
of  the  present  century,  the  permanent  upheaval  or  subsidence  of  land 
has  been  accompanied  by  the  simultaneous  emisEion  of  lava  at  one  or 
more  points  in  the  same  volcanic  region.  From  these  and  other 
examples  it  may  be  inferred  that  the  rising  or  sinking  of  the  earth'e 
crust,  operatioDs  by  which  sea  is  converted  into  land,  and  land  into 
sea,  are  a  part  only  of  the  consequences  of  subterranean  igneons 
action.  It  can  scarcely  be  doubted  that  this  action  consists,  in  a  great 
degree,  of  the  baking,  and  occasionally  the  liquefaction,  of  rocks, 
causing  them  to  assume,  in  some  cases  a  larger,  in  others  a  smaller 
volume  than  before  the  application  of  beat.  It  consists  also  in  the 
generation  of  gases,  and  Uieir  expansion  by  heat,  and  the  injectiim 
of  liquid  matter  into  rents  formed  in  superincumbent  rocks.  The 
prodigious  scale  on  which  these  subterranean  causes  have  operated 
in  Sicily  since  the  deposition  of  the  Newer  Pliocene  strata  will  bs 
appreciated,  when  we  remember  that  throughout  half  the  snr&ce  of 
that  island  such  strata  are  met  with,  raised  to  the  height  of  &om  SO 
to  that  of  2000  and  even  3000  feet  above  the  level  of  the  sm.  In 
the  same  island  also  the  older  rocks  which  are  contignoua  to  these 
marine  tertiary  strata  must  have  undergone,  within  the  same  period, 
a  similar  amount  of  upheaval 

The  like  observations  may  be  extended  to  nearly  the  whde  of 
Europe,  for,  since  the  commencement  of  the  Eocene  period,  the 
entire  European  area,  including  some  of  the  central  and  very  lofty 
portions  of  the  Alps  themsetves,  as  I  have  elsewhere  shown  f,  has, 
with  the  exception  of  a  few  districts,  emerged  from  the  deep  to  its 
present  altitude ;  and  even  those  tracts  wfaidi  were  already  diy  land 
before  the  Eocene  era  have,  in  many  cases,  acquired  additional 
height.  A  large  amount  of  subsidence  has  also  occurred  dnring  lh0 
same  period,  so  that  the  extent  of  the  subterranean  spaces  which  have 
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either  become  the  receptacles  of  aunken  ihtgments  of  the  euih's 
cruet,  or  have  been  rendered  capable  of  n]p|»ortuig  other  fragments 
at  a  much  greater  height  than  before,  must  be  so  great  that  Oiey 
probably  equal,  if  not  exceed  in  volume^  the  entire  cmtineat  of 
Europe.  We  ue  entitled,  therefore,  to  ask  irhat  amount  of  change 
of  equivalent  importonce  can  be  proved  to  have  occurred  in  ^e 
earth's  crust  vithin  an  equal  quantity  of  time  anterior  to  the  Eocene 
epoch.  They  who  contend  for  the  more  intense  energy  of  subter- 
ranean causes  in  the  remoter  eras  of  the  earth's  history  may  find 
it  more  difficult  to  give  an  answer  to  this  question  than  they  anti- 
cipated. 

The  principal  effect  of  volcanic  action  in  the  nether  regions  during 
the  tertiary  period  seems  to  hare  consisted  in  the  upheaval  to  the 
surface  of  hypogene  formations  of  an  age  -anterior  to  the  carboni- 
ferous. The  repetition  of  another  series  of  movements,  of  equal  vio- 
lence, might  upraise  the  plutonic  and  metamorphic  rocks  of  many 
secondary  periods ;  and,  if  the  same  force  should  still  continue  to  act, 
the  next  convulsions  might  bring  up  to  tbe  day  the  tertiary  and 
recent  hypogene  rocks.  In  the  course  of  such  changes  many  of  the 
existing  sedimentary  strata  wo\)ld  suffer  greatly  by  denudation, 
others  might  assume  a  metamorphic  structure,  or  become  melted 
down  into  plutonic  and  volcanic  rocks.  Meanwhile  the  deposition 
of  a  vast  thickness  of  new  strata  would  not  fail  to  take  place  during 
the  upheaval  and  partial  destruction  of  the  older  rocks.  But  I  must 
i-efer  the  reader  to  the  last  chapter  but  one  of  this  volume  for  ft 
fuller  explanation  of  these  views. 

Cretaceous  period. — It  will  be  shows  in  the  next  chapter  that 
chalk,  as  well  as  lias,  has  been  altered  by  granite  in  the  eastern 
Pyreneeia.     Whether  such  granite  be  crelaceous  or  tertiary  cannot 
easily  be  decided.    Suppose  b,  c,  d,  fig. 
~  730.,  to  be  three  members  of  the  Cre- 

taceous series,  the  lowest  of  which,  bt 
has  been  altered  by  the  granite  A,  the 
modifying  infiuence  not  having  ex- 
tended so  far  as  c,  or  having  but 
slightly  affected  its  lowest  beds.  Now 
it  can  rarely  be  possible  for  the  geolo- 
gist to  decide  whether  the  beds  d  existed  at  the  time  of  the  intrusion 
of  A,  and  alteration  of  A  and  e,  or  whether  they  were  subsequently 
thrown  down  upon  e. 

But  as  some  Cretaceous  and  even  tertiary  rocks  have  been  raised 
to  the  he^ht  of  more  than  9000  feet  in  the  Pyrenees,  we  must  not 
assume  that  plutonic  formations  of  the  same  periods  may  not  have 
been  brought  up  and  exposed  by  denudation,  at  the  height  of  3000 
or  3000  feet  on  the  Hanks  of  that  chain. 

Period  of  Oaiile  and  Lia*. — In  the  Department  of  the  Hantes 
Alpes,  in  France,  M.  Elie  de  Beaumont  traced  a  black  argilla- 
ceous limestone,  charged  with  belemnites,  to  within  a  few  yards  of 
a  mass  of  granite.     Here  the  limestone  begins  to  pat  on  a  granular 
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texture,  but  it  extremely  fine-grained.    When  neiirer  the  jnnction  it 
becomes  grey,  and  has  a  eaccharoid  stmctnra.    In  another  locality, 
near  Champoleon,  a  granite  composed  of  quartz,  black  mica,  and 
Tose-coloured  felspar  is  observed   partly  to  orerlie  the  secondary 
rocks,   producing  on   alteration  which  extends  for  abont  30  feet 
downwards,  dixdiuBbing  in  the  beds  which  lie  farthest  from  the 
granite.  (See  fig.  751.)  Id 
the  altered  mass  the  argil-    ' 
laceous  beds  are  hardened, 
the  limestone  is  saccharoid, 
the  grits  quartcose,  and  in 
the   midst   of   them  b  a 
thin  layer  of  an  imperfect 
granite.     It  is  also  an  im- 
portant circumstance  that 
near  the  point  of  contact, 
both  the  granite  and  the 
secondary    rocks     become 
metalliferous,  and  contain 
nests    and  small  veins  of 
blende,    galena,  iron,  and 
copper  pyrites.     The  stra- 
JuactKn  or  gcuite  wjcb  Jurutic  or  OoiJuitiiu  tn  iha    tified  rocks  bccomc  harder 
Aip.,,.«rCi™poi™.  ^n^  ^o„  crystaUine,  but 

the  granite,  on  the  contrary,  softer  and  leas  perfectly  crystallized 
near  the  junction.* 

Although  the  granite  is  incumbent  in  the  above  section  (fig.  751.}, 
we  cannot  assume  that  it  overflowed  the  strata,  for  the  disturbances 
of  the  rocks  are  so  great  in  this  part  of  the  Alps  that  their  original 
positioa  is  often  inverted. 

A  considerable  mass  of  syenite,  in  the  Isle  of  Skye,  is  described  by 
Dr.  MacCulloch  as  intersecting  limestone  and  shale,  which  are  of  the 
age  of  the  lias.f  The  limestone,  which  at  a  greater  distance  from 
the  granite  contains  shells,  exhibits  no  traces  of  them  near  iu 
jnoetion,  where  it  has  been  converted  into  a  pure  crystalline  marble^ 
At  Predazzo,  in  the  Tyrol,  secondary  strata,  some  of  which  are 
limestones  of  the  Oolitic  period,  have  been  traversed  and  altered  by 
plntonic  rocks,  one  portion  of  which  is  an  augitic  porphyry,  which 
passes  insensibly  into  granite.  The  limestone  is  changed  into  gra- 
nular marble,  with  a  band  of  serpentine  at  the  junction.^ 

Carboniferous  period.  —  The  granite  of  Dartmoor,  in  Devonshii^ 
was  formerly  supposed  to  be  one  of  the  most  an<nent  of  the  plntoDie 
rocks,  but  is  now  ascertained  to  be  postericv  in  date  to  the  cutm- 
measurea  of  that  county,  which  from  their  position,  and,  as  containing 

*  EUe  de   Beanmont,  sar  lea  Moo-         {  Weatem  T'lfn<1iit   voL   L  p.  330- 
tagnes  de  I'Ouana,   jcc.    M£m.  de  la     piste  IB.,  flgs.  3,  1. 
Soc-  dlligt,  "Sat.  de  Paris,  torn.  v.  g  Von  Bnch,  Aonales  de  Ctmnic,  te- 

t  MorcbisoD,  G«oL  Trans.  Sd  Kries, 
vol.  iL  part  it.  pp.  811—331. 
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true  coiJ-planta,  &re  r^:arded  by  Professor  Sedgwick  and  Sir  R. 
Murchison  as  members  of  the  true  carboniferous  series.  This  graiute, 
like  the  syenitic  granite  of  Christdania,  has  broken  through  the  stra- 
tified formations  without  much  changing  their  Btrike.  Hence,  on  the 
north-nest  side  of  Dartmoor,  the  successive  members  of  the  cubn- 
measures  abut  against  the  granite,  and  become  metamorphic.aa  they 
approach.  These  strata  are  also  penetrated  bj  granite  veins,  and 
plutonic  dikes,  called  "  elrans."  *  The  granite  of  Cornwall  is  pro- 
babl;  of  the  same  datey  and,  therefon^  as  modem  aa  the  Carbo- 
niferous strata,  if  not  newer, 

Silurian  period. — It  has  long  been  known  that  the  granite  near 
Cbristiauia,  in  Norway,  is  of  newer  origin  than  the  Silnrtan  strata  of 
that  region.  Von  Bach  first  announced,  in  1813,  the  discovery  of  its 
posteriority  in  date  to  limestones  containing  orthocerata  and  trilobitcs. 
The  proofs  consist  in  the  penetration  of  granite  veins  into  the  shale 
and  Umestone,  and  the  alteration  of  the  strata,  for  a  considerable  dis- 
tance from  the  point  of  contact  both  of  these  veins  and  the  central 
mass  from  which  they  emanate.  (See  p.  707.)  Von  Bach  supposed 
that  the  plutonic  rock  alternated  with  the  fossiliferous  strata,  and 
that  large  masses  of  granite  were  sometimes  incumbent  upon  the 
strata ;  but  this  idea  was  erroneous,  and  arose  from  the  fact  that  the 
beds  of  shale  and  limestone  often  dip  towards  the  granite  up  to  the 
point  of  contact,  appearing  as  if  they  would  pass  under  it  in  mass,  as 
at  a,  fig.  7A2.,  and  then  again  on  the  opposite  side  of  the  same 
mountain,  as  at  b,  dip  away  from  the  same  granit«.  When  the 
junctions,  however,  are  carefblly  examined,  it  is  found  that  the  plu- 
tonic rock  intrudes  itself  in  veins,  and  nowhere  covers  the  fossiliferous 
strata  in  large  overlying  masses,  as  is  so  commonly  the  case  with 
trappean  formations,  t 


Now  this  granite,  which  is  more  roodem  than  the  Silurian  strata  of 
Xorway,  also  sends  veins  in  the  same  country  into  an  ancient  forma- 
tion of  gneiss  -,  and  the  relations  of  the  plutonic  rock  and  the  gneiss, 
at  their  junction,  are  full  of  interest  when  we  duly  consider  the  wide 
difference  of  epoch  which  must  have  separated  their  origin. 

The  length  of  this  interval  of  time  is  attested  by  the  following 
facts: — Ibe  fossiUferous,  or  SInrian,  beds  rest  unconformably 
upon  the  truncated  edges  of  the  gneiss,  the  inclined  strata  of  which 
bad  been  denuded  before  the  sedimentaiy  beds  were  superimposed 

*  Proceed.  0«<>L  See,  vol.  ii.  p.  SS3,|  works  of  Eailhaii,  iritli  whom  I  oz- 
and  Trana.  3d  kt.  toL  r.  p.  6SS.  unined  this  cooouy. 

t  Sm  the  G«a  Korregica  ind  other 
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(see  fig.  753.).  The  signs  of  denudation  are  twofold;  first,  the 
flurCace  of  the  gneias  is  seen  oocaeM»i&U^,  od  the  removal  of  the 
newer  beds,  containing  orguiic  remaina,  to  be  worn  and  smoothed ; 
secondly,  pebbles  of  gneiss  have  been  Cannd  in  some  of  the«e  Silnriut 
strata.  Between  the  origin,  therefore,  of  the  gnebs  and  the  granite 
there  intervened,  first,  the  period  when  the  strata  of  kd^^  ^ere 
denuded ;  secondly,  the  period  of  the  deposition  of  the  Siturian  de- 
posits. Yet  the  granite  produced  afW  ^is  long  interval  is  often  so 
intimately  blended  with  the  ancient  gneiss,  at  the  point  of  jnuction, 
that  it  is  impossible  to  draw  any  other  than  an  arbitrary  line  of 
separation  between  them ;  and  where  this  is  not  the  case,  tortaous 
veins  of  granite  'pass  freely  through  gneias,  ending  sometimes  in 
threads,  as  if  the  older  roek  had  offered  no  resistance  to  their  paasagfc 
These  appearances  may  probably  be  due  to  hydrothermal  action  (sett 
below,  p.  731.).  I  shall  merely  observe  in  this  place  that  bad  such 
junctions  alone  been  visible,  and  had  we  not  learnt,  from  othei 
sections^  how  long  a  period  elapsed  between  the  consolidation  of  the 
gneiss  and  the  ii^jection  of  this  granite,  we  might  have  suspected 
that  the  gneiss  was  scarcely  solidified,  or  bad  not  yet  assumed  its 
complete  metamorphic  character  when  invaded  by  the  plutonic  rock. 
From  this  example  we  may  learn  how  impossible  it  is  to  conjecture 
whether  certain  granites  in  Scotland,  and  other  coontries,  whidi 
send  veins  into  gneiss  and  other  metamorphic  rocks,  are  primary, « 
whether  they  nuy  not  belong  to  some  secondary  or  tertiary  period. 
Oldetl  granitet. — It  is  not  half  a  century  since  the  doctrine  was 
very  genial  that  aU  granitic  rocks  were  primitive,  that  is  to  say,  that 
they  originated  before  the  deposition  of  the  first  sedimentary  strata, 
and  before  the  creation  of  organic  beings  (see  above,  p.  9.).  But  so 
greatly  are  our  views  now  changed,  that  we  find  it  no  easy  task  te 
point  oat  a  single  mass  of  granite  demonstrably  more  ancient  dtansU 
the  known  fossiliferous  deposits.  Could  we  discover  some  Lower 
Cambrian  strata  resting  immediately  on  granite,  there  being  no  alter- 
ttioaa  at  the  point  of  contact,  nor  any  intersecting  granitic  veins,  we 
might  then  affirm  the  plutonic  rock  to  have  originated  before  tbe 
oldest  known  fossiliferous  strata.  Still  it  would  be  presumptuous, 
as  we  have  already  pointed  oat  (p.  £82.),  to  suppose  that  when  a 
small  part  only  of  the  globe  has  been  iovestigBted,  we  are  acquainted 
with  the  oldest  fossiliferoos  strata  in  the  crust  of  our  planet  Even 
when  these  are  found,  we  cannot  aasnme  that  there  never  were  any 
antecedent  strata  containing  organic  remains,  which  may  bave 
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become  metamorphic  If  we  find  pebbles  of  granite  in  a  conglo- 
merate of  the  Lower  Cambrian  s^tem,  we  may  tiieo  feel  assured  that 
the  parent  granite  was  formed  before  the  Iiower  Cambrian  fonnatjoii. 
Bat  if  the  incumbent  strata  be  merely  Silurian  or  Upper  Cambrian, 
the  fundamental  granite,  althoagh  of  high  antiquity,  may  be  posterior 
in  date  to  known  fossiliferoos  formations. 

Protnuion  of  lolid  granite. — In  part  of  Sntherlandshire^  near 
Brora,  common  granite,  composed  of  felspar,  quartz,  and  mica,  is  in 
immediate  contact  with  Oolitic  strata,  and  has  clearly  been  elevated 
to  the  surface  at  aperiod  subsequent  to  the  deposition  of  those  strata.* 
Professor  Sedgwick  and  Sir  B.  Murchison  conceive  that  this  granite 
has  been  upheaved  in  a  solid  form ;  and  that  in  breaking  through  the 
submarine  depodta,  with  which  it  was  not  perhaps  originally  in  con- 
tact, it  has  f^tored  them  so  as  to  form  a  breccia  along  the  line  of 
junction.  This  breccia  consists  of  fragments  of  shale,  sandstone,  and 
limestone,  with  fossils  of  the  oolite,  ail  united  together  by  a  colcareoos 
cement.  The  secondary  strata,  at  some  distance  from  the  granite, 
are  but  slightly  disturbed,  but  in  proportion  to  their  proximity  the 
amount  of  dislocation  becomes  greater. 

If  we  admit  that  solid  hypogene  rocks,  whether  stratified  or  un- 
stratified,  have  in  such  cases  been  driven  upwards  so  as  to  pierce 
through  yielding  sedimentary  deposits,  we  shall  be  enabled  to  account 
for  many  geological  appearances  otherwise  inexplicable.  Thus,  for 
example,  at  Weinbohla  and  Hohnstein,  near  Meissen,  in  Saxony,  a 
moss  of  granite  has  been  observed  covering  strata  of  the  Cretoceona 
and  Oolitic  periods  for  the  space  of  between  300  and  400  yards 
square.  It  appears  clearly  from  a  memoir  of  Dr.  B.  Cotta  on  this 
subject  f,  that  the  granite  was  thrust  into  its  actual  position  when 
solid.  There  »«  no  intersecting  veins  at  the  junction, — no  alteration 
OS  if  by  heat,  but  evident  signs  of  rabbiog,  and  a  breccia  in  some 
places,  in  which  pieces  of  granite  are  mingled  with  broken  fragments 
of  the  secondary  rocks.  As  the  granite  overhangs  both  the  lias  and 
chalkiSOtheliEksisin  some  placesbentover  strata  of  the  cretaceous  era. 

ReUUiM  age  of  the  graniut  of  Arran.  —  hi  this  island,  the  largest 
in  the  Firth  of  Clyde,  being  twenty  miles  in  length  from  north  to 
south,  the  fbnr  great  classes  of  rocks,  the  fbssiliferous,  volcanic,  plu- 
tonic,  and  metamorphic,  are  all  conspicuously  displayed  within  a 
very  small  area,  and  with  their  peculiar  characters  strongly  con- 
trasted. In  the  north  of  the  island  the  granit«  rises  to  the  height 
of  nearly  8000  feet  above  the  sea,  terminating  in  mountainous  pe^u. 
(See  section,  fig.  754.).  On  the  flanks  of  the  same  mountains  are 
chloritic-echists,  blue  roofing-slate^  and  other  rocks  of  the  metamor- 
phic order  (No.  \.\  into  which  the  granite  (No.  2.)  sends  veins. 
This  granite^  therefor^  is  newer  than  the  hypogene  schists  (No.  1.), 
which  it  penetrates. 

These  schists  are  highly  inclined.     Upon  them  rest  beds  of  con- 
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glomerate  and  sandstone  (No.  8.),  vhich  are  referable  to  the  Old 
Red.  formation,  to  whicli  succeed  various  shales  and  limestones 
(No.  4.)  containing  the  fossils  of  the  Carboniferons  period,  upon 
which  are  other  strata  of  sandstone  and  conglomerate  (the  higher 
beds  of  No.  4.),  in  which  no  foasils  have  been  metwith.  These  are 
perhaps  carboniferous,  though  it  has  been  conjectnred  that  tbey  may 
belong  to  tbe  New  Bed  Sandstone,  or  at  least  to  some  part  of  the 
Foikilitic  period.  All  the  preceding  formations  are  cnt  throagh  hj 
the  volcanic  rocks  (No.  6.),  which  consist  of  gremstone,  basalt, 
pitchstone,  felstone  and  other  Tarieties.  These  appear  either  in  the 
form  of  dikes,  or  in  dense  masses  from  50  to  700  feet  in  thickness, 
overlying  the  strata  (No.  4.).  In  one  region,  at  Ploverfield,  in  Glen 
Cloy,  a  fine-grained  granite  (5  a)  is  seen  to  send  veins  through  the 
sandstone  or  the  upper  strata  of  No.  4.  This  interesting  di(<coTery 
of  granite  in  the  southern  region  of  Arran,  at  a  point  where  it  is 
separated  from  the  northern  mass  of  the  same  rock  by  a  great  thick- 
ness of  secondary  strata,  was  made  by  M,  L.  A.  Necker  of  Geneva, 
during  his  survey  of  Arran  in  1839.  Dr.  MacCulloch  bad  long  be- 
fore pointed  out  that  in  the  granitic  nncleus  of  the  north  there  were 
two  distinct  varieties  of  granite  (see  diagram,  p.  722.)  occupying 
separate  tracts,  both  consisting  of  quartz,  felspar,  and  mica,  but  the 
crystslliae  grains  in  the  fine  variety  being  so  small  as  often  to  im- 
part to  it  an  arenaceous  aspect  and  sandy  feeL  Prof.  Ramsay 
afterwards  traced  out  the  geographical  limits  of  both  varieties,  and 
these  have  since  been  more  precisely  defined  and  laid  down  on  a  map 
by  Dr.  Bryce,  author  of  a  valuable  work  on  the  geology  of  Arran. 
The  last-mentioned  observer  remarks  that  the  fine-grained  kind 
never  reaches  so  great  an  elevation  above  the  level  of  the  sea  as 
does  the  coarse-grained.  He  also  discovered,  in  1864,  that  the  fine- 
grained variety  is  not  entirely  isolated,  as  formerly  supposed,  withia 
a  boundary  of  the  coarse,  but  that,  on  the  south  side  of  the  nucleai, 
it  comes  into  contact  with  the  slates,  which  it  penetrates  and  altersi 
The  same  geologist  also  found  that,  besides  the  outlier  of  fine- 
grained granito  at  Ploverfield,  there  is  another  smaller  outbreak  of 
the  same  rock  to  the  westward,  a  quarter  of  a  mite  long  and  froni 
2oO  to  300  yards  broad.  It  is  called  the  Craig-Dhn  granite,  and 
seems  to  rise  at  the  junction  of  the  Old  Red  sandstone  with  iha 
Carboniferous  strata. 

At  and  near  the  point  of  contact  the  base  of  the  conglomerate  of 
the  Old  Red  consisting  of  sandstone  is  rendered  crystalline,  and 
fragments  of  granite  of  an  elliptical  form  and  of  the  same  mineral 
structure  as  the  adjoining  mass  of  fine  granite  are  included  in  tho 
sandstone  or  conglomerate.  It  has  been  already  stated  that  no 
pieces  of  granite,  rounded  or  angular,  occur  elsewhere  in  the  Old 
Red,  and  u  they  are  only  found  here  in  close  proximity  to  the  cry- 
stalline and  intrusive  rock,  Dr.  Bryce  supposes  that  they  wers 
injected  into  the  strata  in  a  fluid  or  semi-fluid  state.  I  have  sera 
a  similar  junction  in  Caithness,  of  which  Sir  B.  MurdiiBon  in 
1827,  and  i^ain  in  1828  jointly  with  Frofesaor  Sedgwick,  hu  gino 
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■  faitbfal  description.  Close  to  the  point  of  contact  of  cerUiu 
oolitic  eandstoQes,  shales  and  limestones  in  the  Caithness  clifia, 
a  breccia  occurs  containing  granite  fragments  mixed  with  those 
of  the  invaded  rock.  The  granite,  they  saj,  appears  as  if  it 
hod  been  mechanically  driven  in  among  the  shattered  and  altered 
strata.*  In  the  coarse-grained  granite  of  the  northern  nucleus 
trap-dikes  of  pitchstone  and  basalt  are  numerous,  but  dikes  are 
comparativelj  rare  in  the  fine-grained  granite,  and  were  even  sup- 
posed to  be  entirely  wanting  until  three  or  four,  consisting  of  basalt 
and  greenstone,  were  discoverod  by  Dr.  Bryce,  running  north  and 
north-west.  It  seems  therefore  fair  to  infer,  as  Prof  Ramsay  has  done, 
tliat  many  of  the  dikes  penetrating  the  older  granite  are  cut  off  at 
the  junction  of  the  newer  or  finc'grained  variety  in  the  manner  ex- 
pressed at  b,  c,  d,  fig.  754,,  though  no  such  cutting  off  has  been 
actually  observed.  We  may  also  feel  assured  that  some  of  the  dikes 
traversing  the  fine  must  also  penetrate  the  coarse-grained  granite, 
as  Dr.  Bryce  infers,  although,  as  yet,  he  has  not  observed  the  actual 
passage  of  any  one  from  the  newer  to  the  older  rock.  There  can 
be  scarcely  a  doubt  that  the  fine-grained  variety  of  nucleus  and  the 
Binilar  rocks  of  Ploverfield  and  Craig-Dhu  are  of  contemporaneous 
date,  and  they  seem  to  be  more  modern  than  alt  the  formations  of 
Arrsn,  except  the  overlying  trap  (No.  6.)  and  its  associated  dikes. 
But  the  coarser  graoite  (No.  2.)  may  be  the  oldest  rock  in  Arran, 
with  the  exception  of  the  hypogi*ne  sUtee  (No,  1.),  into  which  it 
sends  veins,  and  which  it  altera  at  the  point  of  contact. 

An  objection  may  {lerhaps  at  first  be  started  to  this  conclusion, 
derived  from  the  curious  and  striking  fact,  the  importance  of  which 
was  first  emphatically  pointed  out  by  Dr.  MacCulloch,  that  no 
pebbles  of  granite  occur  in  the  conglomerates  of  the  red  sandstone 
in  Arran,  although  these  conglOmeriitcd  are  several  hundred  feet  in 
thickness,  and  lie  at  the  foot  of  lofty  granite  mountains,  which  tower 
above  tbem.  As  a  general  rule,  all  such  aggregates  of  pebbles  and 
sand  are  mainly  composed  of  the  wreck  of  pre-existing  rocks  occur- 
ring in  tbe  immediate  vicinity.  The  total  absence  therefcM-e  of  gra- 
nitic pebbles  has  justly  been  a  theme  of  wonder  to  those  geologists 
who  have  snccessively  visited  Arran,  and  they  have  carefully  searched 
there,  as  I  have  done  myself,  to  find  an  exception,  but  in  vain.  The 
rounded  masses  consist  exclusively  of  quartz,  chlo rite-schist,  and 
other  members  of  the  metamorpliic  serieit ;  nor  in  tbe  newer  conglo- 
merates of  No.  3.  have  any  granitic  fragments  been  discovered.  Are 
we  then  entitled  to  affirm  that  tht^  coarse-grained  granite  (No.  2.),  like 
the  fine-grained  variety  (No.  5.),  is  mure  modern  than  all  the  other 
rocks  of  the  island?  Tliis  we  cannot  Assume,  but  we  may  confidently 
infer  that  when  the  various  beds  of  i^aodstane  and  conglomerate  were 
formed,  do  granite  had  reached  the  surface,  or  bad  bees  exposed  to 
denudation  in  Arran.  It  is  clear  that  the  crystalline  schists  were 
ground  into  sand  and  shingle  when  the  strata  No.  3.  were  deposited, 

"  GmI.  Tnma,  Second  Scries  toI.  iL  p.  3S3.,  and  vol  ill  p,  133. 
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and  at  that  time  the  wares  had  never  acted  upon  the  granite,  which 
now  Bends  its  veins  into  the  schist.  May  we  then  conclude)  that  the 
schists  suffered  denudation  before  they  were  invaded  by  granite? 
The  opinion,  although  not  inadmissible,  is  by  no  means  fully  borne 
out  by  the  evidence.  For  at  that  time  when  the  Old  Red  Sandstone 
originated,  the  metamorphic  strata  may  have  formed  islands  in  the 
sea,  as  iu  fig.  755.,  over  which  the  breakers  rolled,  or  from  which 
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torrents  and  rivers  descended,  carrying  downgravel  and  sand.  The 
plutonic  rock  or  granite  (b)  may  even  then  have  been  previously 
injected  at  a  certain  depth  below,  and  yet  may  never  have  been 
exposed  to  denudation. 

As  to  the  time  and  manner  of  the  subsequent  protrnsion  of  the 
coarse-grained  granite  (No.  2.),  this  rock  may  have  been  tbrust  up 
bodily  in  a  solid  form,  during  that  long  series  of  igneous  operations 
which  produced  the  pintonic  formations  (No.  S.),  and  some  of  the 
trap  dikes  of  the  same  i^e. 

We  have  shown  that  these  eruptions,  whatever  their  date,  were 
posterior  to  the  deposition  of  all  the  fossiliferoas  strata  of  Arran. 
We  can  also  prove  that  snbseqaently  both  the  granitic  and  trappean 
rocks  underwent  great  aqueous  donndation,  which  they  probably 
suffered  during  their  emergence  from  the  sea.  The  fact  is  demon- 
strated by  the  abrupt  truncarion  of  numerous  dikes,  such  as  those  at 
b,  e,  d,  which  are  cut  off  on  the  surface  of  the  granite  and  trap. 

The  theory  of  the  protrusion  in  a  solid  form  of  the  northern 
nncleus  of  granite  is  confirmed  by  the  manner  !□  which  the  hypogene 
slates  (No.  1.)  and  the  beds  of  conglomerate  (Xo.  3.)  dip  away  from 
it  on  all  sides.  In  some  places  indeed  the  slates  are  inclined  towards 
the  granite,  bat  this  exception  might  have  been  looked  for,  because 
these  hypogene  strata  have  undergone  disturbances  at  more  than 
one  geological  epoch,  and  may  at  some  points,  perhaps,  have  their 
original  order  of  position  inverted.  The  high  inclination,  therefore, 
and  the  qu&qiifiversal  dip  of  the  beds  around  the  borders  of  the 
granitic  boss,  and  the  comparative  horizontality  of  the  fossiliferons 
strata  in  the  southern  part  of  the  island,  are  facts  which  all  accord 
ivith  the  hypothesis  of  a  great  amount  of  movement  at  that  point 
where  the  granite  is  supposed  to  have  been  thrust  up  bodily,  and 
where  we  may  conceive  it  to  have  been  distended  laterally  by  the 
repeated  injection  of  fresh  supplies  of  melted  mat erials.* 

*  For  ibi  geolngy  of  Amn',  vhich  I  Tratii..  Second  Ser.),  Hr.  L.  A.  N«di«^ 

ezamiDei)  nijwir  in   ISSS,  coniuU  tbe  Heinoir.read  tolbeRoyal  Soc.  of  Edin. 
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CHAPTER  XXXT. 

KBTXUOBFHIC  BOCKS. 

Oenenl  character  of  mctamorpliic  roclu  —  Onein  —  Hornblendfr-scbin  —  Uica- 
schiel  —  Clay-slate  —  Qoamite  —  Chlorite-BcMst  —  Mctamorphic  limestone — 
Alphabetical  list  and  ezplanadon  of  the  more  abundant  nx:k(  of  thii  flnml; 
— Origin  of  tlie  meiamorpbic  *trua  —  Their  stratification  —  Fonilifcroai  nixa 
near  intmsiTO  moBaea  of  granite  converted  into  rocks  identical  irith  diS^ent 
tnemben  of  the  metamorphic  aeries  —  Argmnenti  hence  derived  mm  to  tlM 
nature  of  plntonic  action  — Time  may  enable  this  action  to  perrade  dennr 
matMS — £^tQ  what  kinds  of  sedimeabuy  rock  each  variety  of  the  DMamorpkic 
clMUDSybcderiTed^Certain  objections  Co  tbe  meCamorpiuc  theory  considued 
— Partial  conversion  of  Eocene  slate  into  gneiss. 

We  hare  now  coneidered  three  diatinct  classra  of  rocks :  first,  the 
aqueous,  or  fosailiferous ;  secondlj,  the  Tolcanic;  and,  thirdly,  tbe 
plntonic,  or  granitic  ;  and  it  remaina  for  us  to  examine  thoM  cijb- 
talline  (or  bjpogene)  strata  to  which  the  name  of  mutamorpUe 
has  been  assigned.  Tne  last-mentioned  term  expresses,  as  before 
explained,  a  theoretical  opinion  that  such  strata,  after  having  be^ 
deposited  from  water,  acquired,  by  the  influence  of  heat  and  other 
causes,  a  highly  crystalline  texture.  They  who  still  question  this 
opinion  may  c^  the  rocks  under  consideration  the  stratified  hypo- 
gene,  or  schistose  hypogene  formations. 

These  rocks,  when  in  their  most  characteristic  or  normal  state^aie 
wholly  devoid  of  organic  remains,  and  contain  no  distinct  fragments 
of  other  rock^  whether  rounded  or  angular.  They  sometimes  break 
out  in  the  central  parts  of  narrow  mountain  chains,  but  in  other 
cases  extend  over  areas  of  vast  dimensions,  occupying,  for  example 
aearly  the  whole  of  Norway  and  Sweden,  where,  as  in  Bnutil,  tbey 
appear  alike  in  the  lower  and  higher  grounds.  In  Great  Britain, 
those  members  of  the  series  which  approach  most  nearly  to  granita 
in  their  composition,  as  gneiss,  mica-schist,  and  homblend&«clus^ 
are  confined  to  the  country  north  of  the  rivers  Forth  and  Clyde. 

However  crystalline  these  rocks  may  become  in  certun  r^ona, 
they  never,  like  granite  or  trap,  send  veins  into  contiguous  forma- 
tions, wliether  into  an  older  schist  or  granite  or  into  a  set  of  newer 
fossitiferous  strata. 

Many  attempts  have  been  made  to  trace  a  general  order  of  soe- 
cessjon  or  superposition  in  the  members  of  this  family ;  day-alat^ 
for  example,  having  been  often  supposed  to  hold  invariably  a  higher 
geological  position  than  mics-scbisl^  and  mica-schist  always  ta 
overlie  gneiss    But  although  such  an  order  may  prevail  throagli- 
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oat  limited  districts,  it  is  b^  no  means  nniTersal.  To  this  sabjec^ 
however,  I  shall  again  revert,  in  the  87th  chapter,  when  the  chro- 
nological relations  of  the  metamorpfaic  rocks  itre  pointed  out. 

The  following  maj  be  enumerated  as  the  principal  members  of  the 
metamorphic  class: — gneiss,  mica-schiat,  horn  blende-schist^  clay- 
elatf ,  chlorite -schist,  hypogene  or  metamorphic  limestone,  and  certain 
kinds  of  qnartz-rock  or  quartzite. 

Gneit*.  —  The  first  of  these,  gneiss,  maj  be  called  stratified,  or,  by 
those  who  object  to  that  term,  foliated,  granite,  being  formed  of  the 
same  materiijs  as  granite,  namely,  felspar,  quartz,  and  mica.  In  the 
specimen  here  figured,  the  white  layers  consist  almost  exclusively  of 
granular  felspar,  with  here  and  there  a  speck  of  mica  and  grain  of 
quartz.    The  dark  layers  are  composed  of  grey  quartz  and  black 


mica,  with  occasionally  a  grain  of  felspar  intermixed  The  rock 
splits  most  easily  in  the  plane  of  these  darker  layers,  and  the  surface 
thus  exposed  is  almost  entirely  covered  with  shining  spangles  of 
mica.  The  accompanying  quartz,  however,  greatly  predominates  in 
quantity,  but  the  most  ready  cleavage  is  determined  by  the  abun- 
dance of  mica  in  certain  parts  of  the  dark  layer. 

Instead  of  conustiog  of  these  thin  laminae,  gneiss  is  sometimes 
simply  divided  into  thick  beds,  in  which  the  mica  has  only  a  slight 
degree  of  parallelism  to  the  planes  of  stratification. 

llie  term  "gneiss,"  however,  in  geology  is  commonly  used  in  a 
wider  sense,  to  designate  a  formation  in  which  the  above-mentioned 
rock  prevails,  but  with  which  any  one  of  the  other  metamorphic 
rocks,  and  more  especially  hornblende-schist,  may  alternate.  These 
other  members  of  the  metamorphic  series  are,  in  this  case,  considered 
as  sulxirdinate  to  the  true  gneiss. 

The  different  varieties  of  rock  allied  to  gneiss,  into  which  felspar 
enters  as  an  essential  ingredient,  will  be  understood  by  referring  to 
what  was  said  of  granite.  Thus,  for  example,  hornblende  may  be 
superadded  to  mica,  quartE,  and  felspar,  forming  a  syenitic  gneiss ; 
or  talc  may  be  substituted  for  mica,  constituting  t^cose  gneiss,  a 
rock  composed  of  felspar,  quartz,  and  talc,  in  distinct  crystals  or 
grains  (stratified  protogine  of  the  French). 

Homblende-ickut  is  usually  black,  and  composed  principally  of 
Iiomblende^  with  a  variable  qnanti^  of  febpar,  and  sometimes  gnuni 
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of  qnartK.  When  the  hornblende  and  feUpw  are  neuij  in  equal 
quantities,  and  the  rock  is  not  slaty,  it  correeponds  in  character  irith 
the  greenstones  of  the  trap  family,  and  has  been  called  "  primitive 
greenstone."  It  may  be  termed  hornblende  rock.  Some  of  tbeee 
homblendic  masses  may  really  have  been  votcanic  rocks,  whieh  have 
since  assumed  a  more  crystalline  or  metamorphic  texture. 

Miea-tehi*t,  or  Micaceous  tchut,  is,  next  to  gneiss,  one  of  the  most 
abundant  rocks  of  the  metamorphic  series.  It  is  slaty,  easentaaUy 
composed  of  mica  and  qnartz,  the  mica  sometimes  appearing  to  con- 
stitute the  irhole  mass.  Beds  of  pure  quarts  also  occur  in  this 
formation.  In  some  districts,  garnets  in  regular  twelve-sided  ciystals 
form  an  integrant  part  of  mica-schist.  This  rock  passes  by  insensible 
gradations  into  clay-slate. 

Clay-date,  or  ArgiUaeeouM  gehUt — This  rock  sometimes  reaembks 
an  indurated  clay  or  shale.  It  is  for  the  most  part  extremely  fissUev 
often  affording  good  roidng-slate.  Occasionally  it  derives  a  shining 
and  silky  lustre  from  the  minute  particles  of  mica  or  talc  which  it 
contuns.  It  varies  from  greenish  or  bluish-grey  to  a  lead  coloor; 
and  it  may  be  said  of  this,  more  than  of  any  other  schist,  th«t  it  is 
common  to  the  metamorphic  and  fosaiUferous  series,  iar  some  clay- 
slates  taken  from  each  division  would  not  be  distinguishable  by 
mineral  characters  alone. 

Quartette,  or  Quartz  rock,  is  an  aggregate  of  grains  of  qnarts 
which  are  eitber  in  minute  crystals,  or  in  many  cases  slightly 
rounded,  occurring  in  regular  strata,  associated  with  gneiss  or  other 
metamorphic  rock?.  Compact  quartz,  like  that  so  frequently  fetuid 
in  veins,  is  also  found  together  with  granular  qnartzite.  Both  of 
these  alternate  with  gneiss  or  mica-schist,  or  pass  into  those  rockj 
by  the  addition  of  mica,  or  of  felspar  and  mica. 

Chhrile-schist  is  a  green  slalj  rock,  in  which  chlorite  is  abuDdani 
in  foliated  plates,  usually  blended  with  minute  grains  of  qoart^  or 
sometimes  with  felspar  or  mica;  often  associated  with,  ancl  gra- 
duating into,  gneiss  and  clay-slate. 

CtytlaUme  or  Metamorphic  Umestane. — This  hypc^ene  rock, 
called  by  the  earlier  geologists  primary  limeitone,  is  sometimea  a 
white  crystalline  granular  marble,  which  when  in  thick  beds  ckd  be 
used  in  sculpture  ;  but  more  frequently  it  occurs  in  thin  beds,  fonn- 
ing  a  foliated  schist  much  resembling  iu  colour  and  appearance 
certain  varieties  of  gneiss  aud  mica-schist.  When  it  alternates  with 
these  rocks,  it  often  contains  some  crystals  of  mica,  and  occasionallr 
quartz,  felspar,  bombtende,  talc,  chlorite,  garnet,  and  other  miaerak. 
It  enters  sparingly  into  the  structure  of  the  hypc^ene  districu 
of  Norway,  Sweden,  and  Scotland,  but  is  largely  developed  in  the 
Alps. 

Before  offering  any  farther  observations  on  the  probable  origin  of 
the  metamorphic  roi^,  I  subjoin,  in  the  form  of  a  glossary,  a  brief 
explanation  of  some  of  the  principal  varieties  and  their  synoaym. 


n,g,t,7.dt,'G00glc 


OO.  XXXT.]  METAMOBPHIC  BOOKS.  727 

Explanation  of  the  Namet,  Synonym*,  and  Mineral  Compotttion  of 
the  more  abundant  Metamarphic  Bocks, 

AcnaouTE-scHiBT.  A  daXj  foliated  lock,  composed  cluefl;r  of  ftOinolite,  («n 
emerald -green  minenl,  aUied  to  hombleode,)  with  eome  admixture  of 
garnet,  mica,  and  qnartx. 

Akfelite.    Alninimma  date  (Brong^ntan)  i  ocean  both  in  the  metamoiphic  and 


Amfhiboutb,    HoraUenda  rock,  wliidi  (ee, 

AmOlLLACIOUB-BCHlBT,  OT  Cl-IT-BLIIB.      StI  p,  736. 

AKKoaa.  Name  given  bj  Brongniait  to  a  compound  of  the  tame  material!  aa 
granite,  which  it  oHen  teaemblea  clogelj.  It  is  foond  at  the  junction  of 
gTHOite  with  foTma^ohs  of  diSerent  age»,  and  cooiiata  of  crfBCaiB  of  felspar, 
quartz,  and  aoiaeiimei  mica,  which,  after  uparation  from  th^  original 
matrix  bj  diuntegration,  lutTa  been  reumted  bj  a  illiceona  or  qaamoBO 
ffliiwnt.    It  ia  oilen  penetrated  bj  quaiti  veina. 

CHUnoun-n^TB  scwoelj  diSen  flrom  dsj-alale,  but  includes  numeioni  OTttala 
of  Chiaitotile :  in  eonaiderafale  ihieknua  in  Cumberland.  QiiaitaliCa 
occura  in  long  (lender  rhomboidal  cryMaLi.  For  compodtion,  lee  Table, 
p.  E03. 

CaLOBiXK-ecHiHT.  A  green  alatj  rock,  in  which  chlorite,  a  green  acalj  mineral, 
{>  abundant.     Set -p.  7Z6. 

Clat-olatb  or  AuaiLi^osovs-WHUT.     Stt  p.  716. 


Gkeies.  a  »tratifled  or  filiated  rock  ;  haa  the  same  composition  la  granite.  Sk 
p.  783. 

HosHBLEirvE  Bock,  or  Ampedboi-ixb.  See  above,  p.  60O.  A  member  both  of 
the  Tolcanic  and  metamorphic  series.  Agrees  in  composition  with  horo- 
Uende-adiin,  but  U  oot  fiaaile. 

EoKKELBMiiB-BGaui,  tv  Bia^  Composed  of  hornblende  and  felspar.  Set 
PL  729. 

JlaBMSLBBMa  OT  Sixmio  Qmua.  CompoHd  of  felspar,  quartz,  and  horn- 
blende. 

BTnraEHE  Lmsnnm.     Set  p,  788- 

UuBLC.     Se*  pp.  IS.  &  726. 

Uica.-«(.-HUT,  or  Micaceou«-schist.  A  slatj  rock,  composed  of  mica  and 
quanz,  in  variable  proportions-    Ste  p.  7SS. 

Hica-si-aTB.     See  Mioa-«caiBT,  p.  7SS. 

PBIU.AI1B.    D'Anbuisson's  tenn  for  clay-slate,  from  ^u^r,  a  heap  of  ksves. 

Fkimabi  LTUnoKE.    Set  Htfoobih  Limestonb,  p.  726. 

PsoTOOixK.     See  Tilcosb-okbim,  p.   725.;  when  miitratified   it   ia   Talcoae* 

Qdabti  Bock,  or  QuaRTZiix.    A  rtralifled  tock  i   au  a^regate  of  grains  of 

quartz.     See  p.  7SI(. 
SBSPnrmiB  haa  tiL-eadj  been  described  (p,  601.)  because  it  occurs  in  both  divi- 

noot  of  the  hf  pogeue  seriea,  as  a  EtraiiHed  or  unstratiEed  rock. 
Taioosb-ovkih.    Same  composition  as  talcoae- granite  or  proiogine,  bat  stratified 

or  foliated.     Set  p.  T2S. 
TALOOSB-KiHin  consists  chieflj  of  talc,  or  of  talc  and  quartz,  or  of  tale  ud  bU 

spar,  and  has  a  texture  aomethiug  like  that  of  clajr-slate. 
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Origin  of  the  Metamorphie  Strata. 

Having  said  thus  much  of  the  mineral  compoHition  of  the  meta- 
morphic  rocka,  I  ma/  combine  what  remainE  to  be  said  of  tbeir 
structure  and  history  with  an  account  of  the  opinions  eatertuned  of 
their  probate  origin.  At  the  sumo  time,  it  may  be  well  to  forewarn 
the  reader  that  we  are  here  entering  upon  ground  of  c»DtroTersy, 
and  soon  reach  the  limits  where  positive  induction  ends,  and  beyond 
which  we  can  only  indalge  in  speculations.  It  was  once  a  favoDrits 
'  doctrine,  and  is  stilt  maintained  by  many,  that  these  rocks  owe  tbeir 
cryst)illine  texture,  their  want  ofall  signs  of  a  mechanical  origin,  or 
of  lussil  contents,  to  a  peculiar  and  nascent  condition  of  the  planet  at 
the  period  of  their  formation.  The  ai^uments  in  refutation  of  this 
hypothesis  will  be  more  fully  considered  when  I  show,  in  the  thirty- 
seventh  chapter,  to  how  many  different  ages  the  metamorphie 
forniationa  are  referable,  and  how  gneiss,  mica-schist,  clay-alate,  and 
hypogeno  limestone  (that  of  Carrara  for  example)  have  been  formed, 
not  only  aince  the  first  introduction  of  organic  beings  into  this  plsnet. 
but  even  long  after  many  distinct  races  of  plants  and  animala  Jud 
passed  away  in  succession. 

The  doctrine  respecting  the  crystalline  strata,  implied  in  the 
name  metamorphie,  may  properly  be  treated  of  in  this  place ;  uid 
we  must  first  inquire  whether  these  rocka  are  really  entitled  to  be 
called  stratified  in  the  strict  sense  of  having  been  originallj  de- 
posited as  sediment  from  water.  The  general  adoption  by  geologists 
of  the  term  stratified,  as  applied  to  these  rocks,  sufficiently  attests 
their  division  into  beds  very  analogous,  at  least  in  form,  to  ordinary 
fossiliferouB  strata.  This  resemblance  is  by  no  means  confined  to 
the  existence  in  both  occasionally  of  a  laminated  structure,  bat  ex- 
tends to  every  kind  of  arrangement  which  is  compatible  with  the 
absence  of  fossils,  and  of  sand,  pebbles,  ripple-mark,  and  other  cha- 
racters which  the  metamorphie  theory  supposes  to  have  been  ob- 
literated by  plutonic  action.  Thus,  for  example,  we  behold  alike  in 
the  crystalline  and  fossiliferons  formations  an  alternatioD  of  beds 
varying  greatly  in  composition,  colour,  and  thickness.  We  observe, 
for  instance,  gneiss  alternating  with  layers  of  black  hombleade- 
Bchist,  or  of  green  chlorite -schis^  or  with  granular  qnart^  or  line- 
Btone ;  and  the  interchange  of  these  different  strata  may  be  repeated 
for  an  indefinite  number  of  times.  In  the  like  manner,  mica-schist 
alternates  with  chlorite-schist,  and  with  beds  of  pure  quiuHs  or  of 
granular'  lim  estone. 

We  have  already  seen  that,  near  the  immediate  contact  of  grviiitie 
veins  and  volcanic  dikes,  very  extraordinary  alterations  in  rocks 
have  taken  place,  more  especially  in  the  neighbourhood  of  granite. 
It  will  be  useful  here  to  add  other  illastrations,  showing  that  it  tex- 
ture undistinguishablo  from  that  which  charsctericei  the  vavn 
crystalline  metamorphie  fomutioiu  has  actoally  been  ■ 
in  strata  once  fosailiicroua. 
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In  the  sonthem  extremity  of  Norway  there  is  a  large  district,  on 
the  weat  side  of  the  fiord  of  Chrisliania,  in  which  granite  or  eyenite 
protrudes  in  mountain  masses  through  fossiliferouB  Htrata,  and  usually 
sends  veins  into  them  at  the  point  of  contact.  The  stratiHed  rocks, 
replete  with  sheila  and  zoophytes,  consist  chiefly  of  shale,  limestone, 
and  some  sandstone,  and  all  these  are  invariably  altered  near  thd 
granite  for  a  distance  of  from  50  to  400  yards.  The  aluminous 
shales  are  hardened  and  have  become  flinty.  Sometimes  they  re- 
semble jasper.  Ribboned  jasper  is  produced  by  the  hardening  of 
alternate  layers  of  green  and  chocolate-coloured  schist,  each  stripe 
faithfully  representing  the  original  lines  of  stratification.  Nearer 
the  granite  the  schist  often  contains  crystals  of  hornblende,  which 
are  even  met  with  in  some  places  for  a  distance  of  several  hundred 
yards  from  the  junction ;  and  this  black  hornblende  is  so  abundant 
that  eminent  geologists,  when  passing  through  the  country,  have 
confounded  it  with  the  ancient  horn  blende-schist,  subordinate  to  tbe 
great  gneiss  formation  of  Norway.  Frequently,  between  the  granite 
and  the  hornblende  slate,  above-mentioned,  grains  of  mica  and  crys- 
talline felspar  appear  in  the  schist,  so  that  rocks  resembling  gneiss 
and  mica-schist  are  produced.  Fossils  can  rarely  be  detected  in 
these  schists,  and  they  are  more  completely  effaced  in  proportion  to 
the  more  crystalline  texture  of  the  beds,  and  their  vicinity  to  the 
granite.  In  some  places  the  siliceous  matter  of  the  schist  becomes  a 
granular  quartz  ;  and  when  hornblende  and  mica  are  added,  the 
altered  rock  loses  its  stratification,  and  passes  into  a  kind  of  granite. 
The  limestone,  which  at  points  remote  from  the  granite  is  of  an 
earthy  texture  and  blue  colour,  and  often  abounds  in  corals,  becomes 
a  white  granular  marble  near  the  granite,  sometimes  siliceous,  the 
granular  structure  extending  occasionally  upwards  of  400  yards  from 
the  junction  ;  the  corals  being  for  the  most  part  obliterated,  though 
sometimes  preserved,  even  in  the  white  marble.     Both  tbe  altered 
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limestone  and  hardened  slate  contain  garnets  in  many  places,  also 
ores  of  iron,  lead,  and  copper,  with  some  silver.  These  alterations 
occur  equally,  whether  the  granite  invades  the  strata  in  a  line  pa- 
rallel to  the  general  strike  of  tbe  fossiliferous  beds,  or  in  a  iin*  at 
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right  angles  to  their  Btrike,  as  will  be  seen  b;  the  accoiDpaiiTing 
ground  plan.* 

The  indurated  and  ribboned  schisU  above  mentioned  bear  a  strong 
resemblance  to  certain  shales  of  the  coal  found  at  Bussell's  Ilall, 
near  Dudley,  where  coal-min^  have  been  on  fire  for  ages.  Beds  of 
shale  of  considersble  thickness,  lying  over  the  burning  coal,  have 
been  baked  and  hardened  so  as  to  acquire  a  fltntj  fracture,  the  layers 
being  alternately  green  and  brick'Cotoured. 

The  granite  of  Cornwall,  in  like  manner,  sends  forth  veins  into  a 
coarse  argillaceous-schist,  provincially  termed  killas.  This  kiUas  is 
converted  into  hornblende-schist  near  the  contact  with  the  veins. 
These  appearances  are  well  seen  at  the  junction  of  the  granite  and 
killas,  in  St  Michael's  Mount,  a  small  island  nearly  300  feet  high, 
situated  in  the  bay,  at  a  distance  of  about  three  miles  from  Pen- 

The  granite  of  Dartmoor,  in  Devonshire^  says  Sir  IL  De  la  Bech^ 
has  intruded  itself  into  the  slate  and  slaty  sandstone  called  grey wacke, 
twisting  and  contorting  the  strata,  and  sending  veins  into  them. 
Hence  some  of  the  slate  rocks  have  become  "  micaceous ;  others  mora 
indurated,  and  with  the  characters  of  mica-slate  and  gneiss ;  while 
others  again  appear  converted  into  a  hard-zoned  rock  strongly  im- 
pregnated with  felspar,"  f 

We  learn  from  the  investigations  of  M.  Dufr^noy,  that  in  the 
eastern  Pyrenees  there  are  mountain  masses  of  granite  posterior  in 
date  to  the  formations  called  lias  and  chalk  of  that  district,  and  tliat 
these  fossiliferous  rocks  are  greatly  altered  in  texture,  and  often 
charged  with  iron-ore,  in  the  neighbourhood  of  the  granite.  Thus 
in  the  environs  of  St  Martin,  near  St  Paul  de  F^nonillet,  the  chalky 
limestone  becomes  more  crystalline  and  saccharoid  as  it  approaches 
the  granite,  and  loses  all  trace  of  the  fossils  which  it  previously  roo- 
tuned  in  abundanca  At  some  points,  also,  it  becomes  dolomitic, 
and  filled  with  small  veins  of  carbonate  of  iron,  and  spots  of  red 
iron-ore.  At  Rancid  the  lias  nearest  the  granite  is  not  only  filkd 
wiib  iron>ore,  but  charged  with  pyrites,  tremolite,  gamely  and  a  neir 
mineral  somewhat  allied  to  felspar,  called,  from  the  place  in  tbs 
Pyrenees  where  it  occurs,  "  couieranite." 

Now  the  alterations  above  described  as  superinduced  in  rocks  by 
volcanic  dikes  and  granite  veins  prove  incontestably  that  poweri 
exist  in  nature  capable  of  transforming  fossiliferous  into  crystalline 
strata — powers  capable  of  generating  in  them  a  now  mineral  charac- 
ter, similar  to,  nay,  often  absolutely  identical  with  that  of  gneiss 
mica-schist,  and  other  stratified  members  of  the  hypogene  series.  The 
precise  nature  of  these  altering  causes,  which  may  provisionally  be 
termed  plutonic,  is  in  a  great  degree  obscure  and  doubtful;  bot 
their  reality  is  no  less  clear,  and  we  must  suppose  the  influence  of 
heat  to  be  in  some  way  connected  with  the  transmutation,  i^  fv 
s  before  explained,  we  concede  the  igneous  origin  of  gnuut& 
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The  experiments  of  Gregory  Watt,  in  fnaing  rocks  in  the  labora- 
tory, and  alloving  them  to  consolidate  by  elow  cooling,  prove  dis- 
tinctly that  a  rock  need  not  be  perfectly  melted  in  order  that  a 
re-arrangement  cf  its  component  particles  should  take  place,  and  a 
partial  crystallization  enaue.*  We  may  easily  suppose,  therefore, 
that  all  traces  of  shells  and  other  organic  remains  may  be  destroyed  ; 
and  that  new  chemical  combinatinn^  may  arise,  without  the  masn  being 
so  fused  as  that  the  lines  of  stratification  should  be  wholly  obliterated. 

We  most  not,  however,  imagine  that  heat  alone,  such  as  may  be 
applied  to  a  stone  in  the  open  air,  can  constitute  all  that  is  comprised 
in  plutonic  action.  We  know  that  volcanos  in  eruption  not  only 
emit  fluid  lava,  but  give  off  steam  and  other  heated  gases,  whicb 
rush  out  in  enormous  volume,  for  days,  weeks,  or  years  continuously, 
and  are  even  disengaged  from  lava  during  its  consolidation. 

We  also  know  that  long  after  volcanoa  have  spent  their  force, 
hot  springs  continue  for  ages  to  flow  out  at  various  points  in  the 
same  area.  In  regions  also  subject  to  violent  earthquakes  such 
springs  are  frequently  observed  i»sning  from  rents,  usually  along 
lines  of  fault  or  displacement  of  the  rocks.  These  thermal  waters 
are  most  commonly  charged  with  a  variety  of  mineral  ingredients, 
and  they  retain  a  remarkable  uniformity  of  temperature  from  cen- 
tury to  century.  A  like  uniformity  ia  also  persistent  in  the  naturo 
of  the  earthy,  metallic,  and  gaseous  substances  with  which  they  are 
impr^nated.  It  is  well  ascertained  that  springs,  whether  hot  or 
cold,  charged  with  carbonic  acid,  and  especially  with  hydrofluoric 
acid,  which  is  often  present  in  small  quantities,  are  powerful  causes 
of  decomposition  and  chemical  re-action  in  rocks  through  which  they 
percolate. 

The  changes  which  Dsubr^e  has  shown  to  have  been  produced 
by  the  alkaline  waters  of  Plombi^res  in  the  Vosges,  are  more  espe- 
cially instructive.'!'  These  waters  have  a  heat  of  160*  F.,  or  an 
excess  of  109°  above  the  average  temperature  of  ordinary  springs  in 
that  district.  They  were  conveyed  by  the  Romans  to  baths  through 
long  conduits  or  aqueducts.  The  foundations  of  some  of  their  works 
consisted  of  a  bed  of  concrete  made  of  lime,  fragments  of  brick,  and 
sandstone.  Through  this  and  other  masonry  the  hot  waters  have 
been  percolating  for  centuries,  and  have  given  rise  to  various  zeo- 
lites— apopliyllite  and  chabaxite  among  others  ;  also  to  calcareous 
sp  r,  arragonite,  and  floor  spar,  together  with  siliceous  minerals, 
such  as  opal, — all  found  in  the  interspaces  of  the  bricks  and  mortar, 
or  constituting  part  of  their  re-arranged  materials.  The  quantity  of 
heat  brought  iuto  action  in  thia  instance  in  the  course  of  2000  years 
baa,  no  doubt,  been  enormous,  but  the  intensity  of  it  developed  at 
any  one  moment  has  been  always  inconsiderable. 

From  these  facts  and  from  the  experiments  and  observations  of 
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Sfoarmont,  Daabr^e,  Detesse,  Scheerer,  Sorbf,  Surry  Hunt,  and 
othern,  we  are  led  to  infer  that  when  in  the  bowels  of  the  earth 
there  are  large  volumes  of  molten  matter,  containing  heated  water 
aod  various  acids  under  eaormojs  pressure,  these  subterraneaji  fluid 
masses  will  gradually  part  with  their  lieat  bj  the  escape  of  steam 
and  varions  gases  through  fissures,  producing  hot  springs  ;  orbfthe 
passage  of  the  same  through  the  pores  of  the  overlying  and  injected 
rocks.  Even  the  most  compact  rocks  may  be  regarded,  before  they 
have  been  exposed  to  the  air  and  dried,  in  the  light  of  sponges  filled 
with  water.  Accoriiing  to  the  experiments  of  Henry,  water,  under 
an  hydrostatic  presEure  of  96  feet,  will  absorb  three  times  as  much 
carbonic  acid  gas  as  it  can  under  the  ordinary  pressure  of  the  atmo- 
sphere. There  are  other  gases,  as  well  as  the  carbonic  acid,  which 
water  absorbs,  and  more  rapidly  in  proportion  to  the  amount  of 
pressure.  Although  the  gaseous  matter  first  absorbed  would  soon 
be  condensed,  and  part  with  its  heat,  yet  tho  continual  arrival  of 
fresh  supplies  from  below  might,  in  the  course  of  agi-B,  cause  the 
temperature  of  the  water,  and  with  it  that  of  the  contwning  rock,  to 
be  materiuUy  raised,  the  water  acts  not  only  as  a  vehicle  of  beat, 
but  al:io  by  its  affinity  for  various  silicates,  which,  when  some  of  the 
materials  of  the  invaded  rocks  are  decomposed,  fom)  quartx,  felspar, 
mica,  and  other  minerals.  As  for  quartz,  It  can  be  produced  under 
the  influence  of  heat  by  water  holding  alkaline  silicates  in  aolntioo, 
as  in  the  case  of  the  Plombiferes  springs,  without  any  chemical  re- 
action. The  quantity  of  water  required,  according  to  D&ubr^e,  to 
produce  great  trxnsformations  in  ibe  mineral  structure  of  rocks,  ia 
very  small.  As  to  the  heat  required,  silicates  may  be  prodaced  in 
the  moist  way  at  about  incipieut  red  heat,  whereas  to  form  the  sanu 
in  tho  dry  way  would  require  a  much  higher  temperature. 

M.  Fournet,  in  his  description  of  the  metalliferous  gneiss  near 
Clermont,  in  Auvergne,  states  that  all  the  minute  fissures  of  the  rock 
are  quite  saturated  with  free  carbonic  acid  gas  ;  which  gas  rises 
plentifully  from  the  soil  there  and  in  many  parts  of  the  surroandii^ 
country.  The  various  elements  of  the  gneiss,  with  the  exception  of 
the  quartz,  are  all  soflened  ;  and  new  combinations  of  the  acid  with 
lime,  iron,  and  manganese  are  continually  in  progress.* 

Another  illustration  of  the  power  of  subterranean  gases  is  afibrded 
by  the  Stufas  of  St.  CHlogero,  situated  in  the  largest  of  the  Lipari 
Islands.  Here,  according  to  the  description  published  by  Hoflinann, 
horizontal  strata  of  tufi*,  extending  for  4  miles  along  the  coast,  and 
forming  cliffs  more  than  200  feet  high,  have  been  discoloured  in 
various  places  imd  strangely  altered  by  the  "all-penetrating  va- 
pours." Dark  clays  have  become  yellow,  or  ol\en  snow-white;  or 
have  assumed  a  chequered  or  brecciated  appearance,  being  craoed 
with  ferruginous  red  stripes.  In  some  places  the  fumeroles  have 
been  found  by  analysis  to  consist  partly  of  sublimations  of  oxide  of 
iron ;  but  it  also  appears  that  veins  of  chalcedony  uid  opal,  and 

*  See  Piineiplet,  t»dtx, "  Carbonated  Sprinsi,'  kt. 
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Others  of  fibrous  gjpamo,  hftve  resulted  from  these  volcanic  exhala- 
tions.* 

The  reader  may  also  refer  to  M.  Virlet'a  account  of  the  corrosion 
of  hard,  flinty,  and  jaspideous  rocks  near  Gnrinth  by  the  prolonged 
agency  of  subterranean  gasesf ;  and  to  Dr.  Dnubeny'B  description  of 
the  decomposition  of  trach^tic  rocks  in  the  Solfatura,  near  Naples, 
hy  sulphoretted  hydrogen  and  muriatic  acid  gasea.} 

Altbongh  in  all  these  instances  we  can  only  study  the  phenomena 
as  exhibited  at  the  surface,  it  is  clear  that  the  gaseous  fluids  must 
have  made  their  way  through  the  whole  thickness  of  porous  or 
fissured  rocks,  which  iaterveDC  between  tlie  subterranean  roserroirs 
of  gas  and  the  external  air.  The  extent,  therefore,  of  the  earth's 
crust  which  the  vapours  hare  permeated  and  are  now  permeating 
may  be  thousands  of  fathoms  in  thickness,  and  their  heating  and 
modifying  influence  may  be  spread  throughout  the  whole  of  this 
solid  mass. 

We  learn  firom  Frofessor  Bischoff  that  the  steam  of  a  hot  spring 
at  Aix-la-Chapelle,  although  its  temperature  is  only  from  133°  to 
167°  F.,  has  converted  the  surface  of  some  blocks  of  black  marble 
into  a  doughy  mass.  He  conceives,  therefore,  that  steam  in  the 
bowels  of  the  earth  having  a  temperature  equal  or  even  greater  than 
the  melting  point  of  lava,  and  having  on  elasticity  of  which  even 
Papin's  digester  can  give  but  a  faint  idea,  may  convert  rocks  into 
liquid  matter.  § 

The  above  observations  are  calculated  to  meet  some  of  the  ob- 
jections which  have  l>een  urged  against  the  metamorphic  theory  on 
the  ground  of  the  small  power  of  rocks  to  conduct  heat ;  for  it  is 
well  known  that  rocks,  when  dry  and  in  the  air,  difier  remarkably 
from  metals  in  this  respect.  It  has  been  asked  how  the  changes 
which  extend  merely  for  a  few  feet  from  the  contact  of  a  dike  could 
have  penetrated  through  mountain  masses  of  crystalline  strata 
several  miles  in  thickness.  Now  it  has  been  stated  that  the  pin- 
tonic  influence  of  the  syenite  of  Norway  has  sometimes  altered 
foBsiliferous  strata  for  a  distance  of  a  quarter  of  a  mile,  both  in  the 
direction  of  their  dip  and  of  their  strike.  (See  fig,  757.  p.  729.) 
This  Is  undoubtedly  an  extreme  case ;  but  it  is  natural  to  suppose 
that  analogous  causes  may,  under  favourable  circumstances,  affect 
masses  of  greater  volume.  The  metamorphic  theory  does  not 
require  us  to  affirm  that  some  contiguous  mass  of  granite  has  beet» 
the  altering  power  [  hut  merely  that  an  action,  existing  in  the 
interior  of  the  earth  at  an  unknown  depth,  whether  thermal,  hydro- 
thermal,  or  other,  analogous  to  that  exerted  near  intruding  masses 
of  granite,  has,  in  the  course  of  vast  and  indeflnite  periods,  and 
when  rising  perhaps  from  a  large  heated  sut^ace,  reduced  strata 

•  Hoffniin'sIdpanBcheDlii«eln,p.3S.  t  SeePrinc.ofGeoI.i  andDaubenjrs 

Leipitc,  1831.  Volcanoi,  p.  187. 

t  See  rriiic.  of  GeoV;  and  BuUcttD  {  Jam.  Hd.  New  Pbd.  Jooni,  No.  SI. 

d«   la  Sue  G£ol.    de  Frai.ce,  lorn.  iL  p.  43. 
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thousands  of  jtria  thick  to  »  st&te  of  Bemifosioo,  bo  that  on  cooling 
thej  have  become  crystftlline,  like  gneiss. 

The  promineDt  psrt  which  water  has  plnjed  in  distributing  the 
heat  of  the  interior  through  mountain  muses  of  incombent  atnU, 
and  in  conveying  varioas  mineral  elements  in  a  flnid  or  gaspoai 
atate  into  the  same  maase?,  so  as  to  give  rise  in  the  course  of  long 
geological  periods  to  vast  chemical  changes,  enables  us  to  dispense 
with  the  intense  beat  formerly  thought  necessary  for  the  production 
of  the  metamorphic  rocks.  Bat,  on  the  other  band,  the  length  of 
time  which  must  have  been  consnmed  during  the  escape  of  so  mach 
heat  from  molten  matter  anderlying  the  solid  cmst,  at  the  depth  of 
-many  miles,  raisefl  our  conception  of  the  great  original  iatensi^  of 
temperature  required  to  bring  those  subterranean  sheets  of  Ii*s 
into  a  liquid  state.  That  they  are  sometimes  of  vast  horitcmtal 
extent,  even  hundreds  of  miles  in  length,  seems  proved  by  facte 
observed  during  eruptions  in  the  volcanic  region  of  the  Andes. 

The  scorching  beat  radiated  by  lava  in  a  volcanic  crater,  when  it 
is  white  and  glowing  like  the  sun,  prepares  ua  to  believe  that  the 
temperature  of  the  same  fluid  thousands  of  fathoms  below,  most  far 
exceed  any  heat  which  can  ever  be  witnessed  at  the  surface.  The 
uniform  composition,  the  absence  of  stratification,  and  the  great 
volume  of  the  plutonic  rocks,  is  in  perfect  accordance  with  tbt 
Hnttonian  hypothesis  of  the  intense  heat  to  which  this  class  of  rocks 
has  owed  its  origin. 

In  considering,  then,  the  varioas  data  already  enumerated,  the 
forms  of  stratification  and  lamination  in  metamorphic  rocks,  their 
passage  on  the  one  hand  into  the  fossil iferous,  and  on  the  other  inle 
the  plutonic  formations,  and  the  converi^ions  which  can  be  aaeer- 
taioed  to  have  occurred  in  the  vicinity  of  granite,  we  may  condndt 
that  gneiss  and  mica>schist  may  be  nothing  more  than  altered 
micaceous  and  argilloceoos  sandstones,  that  granular  quarts  mtj 
have  been  derived  from  siliceous  sandstone,  and  compact  quarts 
from  the  same  materials.  CJay-slate  may  be  altered  shale,  and 
grannlar  marble  may  have  originated  in  the  form  of  ordinary  liiae- 
stone,  replete  with  shells  and  corals,  which  have  since  been  obU- 
terated;  and,  lastly,  calcareous  sands  and  marls  may  have  beca 
changed  into  impure  crystalline  limestones. 

"  Hornblende -schist,"  says  Dr.  MacCulloch,  "  may  at  first  have 
been  mere  clay  ;  for  clay  or  shale  is  found  altered  by  trap  tDtfi 
Lydian  stone,  a  substance  differing  from  hornblende-schist  almost 
solely  in  compactness  and  nniformity  of  texture."  •  "  In  Sbetland," 
remarks  the  same  author,  "  argillaceous- schist  for  clay-slate),  whea 
in  contact  with  granite,  is  sometimes  converted  into  homblende- 
schist,  the  schist  becoming  first  siliceous,  and  ultimately,  at  tli< 
contact,  hornblende -schist." 'I' 

The  anthracite  and  plumb^o  assodated  with  byp<^CDe  ntki 
may  have  been  coal ;  for  not  only  is  coal  converted  into  anthracite 

•  SjitotOcoL,  voI.i.p.fiia'  f  Ibid.,  II.S11. 
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in  the  vicinity  of  some  trap  dikes,  but  we  b«ve  seen  that  a  like 
change  haa  taken  place  generallj  even  far  from  the  contact  of 
igneous  rocks,  in  the  disturbed  region  of  the  Appalachians.*  At 
Worcester,  in  the  state  of  Massachusetts,  45  miles  due  west  of 
Boston,  a  bed  of  plumbago  and  impure  anthracite  occurs,  int«r- 
stratiSed  with  mica-schist.  It  is  about  2  feet  in  thickness,  and  haa 
been  made  nae  of  both  as  fuel,  and  in  the  manufacture  of  lead 
pencils.  At  the  distance  of  30  miles  from  the  plumbago,  there 
occurs,  on  the  borders  of  Rhode  Island,  an  impure  anthracite  in 
slates  containing  impressions  of  coal-plants  of  the  genera  PKcopterit, 
NeUTopUrU,  Calamitet,  &c.  This  anthracite  is  intermediate  in 
character  between  that  of  Pennsylvania  and  the  plumbago  of 
Worcester,  in  which  last  the  gaseous  or  volatile  matter  (hydrogen, 
oxygen,  and  nitrogen)  is  to  the  carbon  only  in  the  proportion  of 
3  per  cent.  After  traversing  the  country  in  various  directions,  I 
came  to  the  conclusion  that  the  carboniferous  shales  or  slates  with 
anthracite  and  plants,  which  in  Bhode  Island  often  pass  into  mica- 
schist,  have  at  Worcester  assumed  a  perfectly  crystalline  and  meta- 
morphic  texture ;  the  anthracite  having  been  nearly  transmuted  into 
that  state  of  pure  carbon  which  is  called  plumbago  or  grapbite.f 

It  has  been  remarked  by  M.  Delesse  that  the  minerals  developed 
in  hypogene  limestone  vary  according  to  the  degree  of  metamor- 
phism  which  the  rock  has  undergone.  Thus,  for  example,  where 
the  structure  is  but  slightly  crystalline,  talc,  chlorite,  serpentine, 
andalusite,  and  kyauite  ara  commonly  present ;  where  it  is  more 
highly  crystallized,  garnet^  hornblende,  wollastonite,  dipyre,  con- 
leranite,  and  some  others  appear ;  and,  lastly,  where  the  crystalliza- 
tion is  complete,  there  are  found,  in  addition  to  many  of  the  above 
minerals,  felspar,  especially  thoee  kinds  which  are  richest  in  alkali, 
together  with  mica.  The  same  author  observes  that,  as  calcareous 
deposits  usually  contain  some  aluminous  clay,  bo  we  may  naturally 
expect  to  meet  wilh  silicates  of  alumina  in  crystalline  limestonej 
such  silicates,  accordingly,  are  frequent,  and  occasionally  even  pure 
alumina  crystallized  in  the  form  of  corundum. f 

Mr,  Dana  has  sugge.ited  that  the  phosphoric  acid  of  phosphate  of 
lime,  and  the  fluor  of  fluor-spar,  so  often  met  with  in  crystalline 
limestones,  may  have  been  derived  from  the  remains  of'moltusca 
and  other  animals ;  also  that  graphite  (which  is  pure  carbon  in  a 
crystalline  form,  with  or  without  admixture  of  alumina,  lime,  or 
iron)  may  have  been  derived  from  vegetable  remains  imbedded  ia 
the  original  matrix. 

The  total  absence  of  any  trace  of  fossils  has  inclined  many  geo- 
logists to  atiribul«  the  origin  of  the  crystalline  strata  to  a  period 
antecedent  to  the  existence  of  organic  beings.  Admitting,  they  say, 
the  obliteration,  in  some  cases,  of  fossils  by  plutonlc  action,  we  might 
still  expect  that  traces  of  them  would  oftener  occur  in  certain  ancient 

•  See  ■boT^  pp.  at,  900. 
1  See    LfL-lt,   Qout.   GeoL    Jonin., 
ToL  L  p.  1S». 
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Bjetema  of  elate,  in  which,  &s  in  Cumberland,  aome  congloneratei 
occur.  But  in  urging  this  argument,  it  Bceme  to  have  been  for- 
gotten that  there  nre  stratified  formations  of  enormous  thickness,  and 
of  various  ages,  and  some  of  them  very  modem,  all  formed  after  the 
earth  had  become  the  abode  of  living  creatures,  which  are,  UBTer- 
theless,  in  certain  districtB,  entirely  destitute  of  all  vestiges  of  or- 
ganic bodies.  In  some,  the  traces  of  fossils  may  have  been  effaced 
by  water  and  acids,  at  many  successive  periods ;  and  it  is  clear,  that 
the  older  the  stratnm,  the  greater  is  the  chance  of  its  being  nonfoui* 
liferous,  even  if  it  has  escaped  all  metamorphic  action. 

It  baa  been  also  objected  to  the  metamorphic  theory,  that  the 
chemical  composition  of  the  secondary  strata  differs  essentially  from 
that  of  the  crystalline  schists,  into  which  they  are  supposed  to  be 
convertible.*  The  "  primary"  schists,  it  is  said,  usually  contain  a 
considerable  proportion  of  potash,  or  of  soda,  which  the  secondary 
clays,  shales,  and  slates  do  not,  these  last  being  the  result  of  the  de- 
composition of  felspathic  rocks,  from  which  the  alkaline  matt«rhu 
been  abstracted  during  the  process  of  decomposition.  But  tbisrea- 
aoning  proceeds  on  insufficient  and  apparently  mistaken  data ;  for  a 
large  portion  of  what  is  usually  culled  clay,  marl,  shale,  and  slate,  doe* 
actually  contain  a  certain,  and  often  a  considerable,  proportion  of 
alkali ;  so  that  it  is  difficult,  in  many  countries,  to  obtain  clay  or 
sliale  sufficiently  free  from  alkaline  ingredients  to  allow  of  their  being 
burnt  into  bricks  or  used  for  pottery. 

Thus  ihe  argillaceous  shales  and  slates  of  the  Old  Bed  sandstone, 
in  Forfarshire  and  other  parts  of  Scotliind,  are  so  much  charged  vrilh 
alkali,  derived  from  triturated  felspar,  that,  instead  of  hardening 
when  exposed  to  fire,  they  sometimes  melt  into  a  glass.  They  con- 
tain no  lime,  but  appear  to  consist  of  extremely  minut«  grains  of 
the  various  ingredients  of  granite,  which  are  distinctly  visible  in 
the  coarser-grained  varieties,  and  in  almost  all  t)ie  interposed 
sandstones.  These  Isminated  clays  and  shales  might  certainly,  if 
crystallized,  resemble  in  composition  many  of  the  primary  strata. 

There  is  aho  potash  in  fossil  vegetable  remains,  and  Bod%  in  the 
salts  by  which  strata  are  sometimes  so  largely  impregnated,  as  in 
Fatsgonia.  But  recent  analysis  may  be  said  to  have  settled  the 
point  at  issue,  by  demonstrating  Ibat  the  carboniferous  strata  in 
England t,  the  Upper  and  Lower  Silurian  in  East  Canada^  and 
the  clay-slates  {of  Cambrian  or  Laurentian  date  ?)  in  Norway  J. 
all  contain  as  much  alkali  as  is  generally  present  in  metamorphic 
rocks. 

Another  objection  has  been  derived  from  the  alternation  of  bigbly 
crystalline  strata  with  others  having  a  less  crystalline  texture.  The 
heat,  it.  U  said,  in  its  ascent  from  below  must  have  traversetl  the  less 
altered  schists  before  it  reached  a  higher  and  more  crystalline  bed. 

•  Dr.   Bottse,  Primary    Geology,  p.  J  llont,  Phil  i/Ing.,  4lh  Mr,  rol-  to. 

319.  p.  237. 

t  H.  T«irlor,  Erfiu.  New.  Phil  Joam.,  5  Kyenlj,  Nortk,  Mag.  for  »««"• 

ToL  L,  ISSl,  p.  140.  dinp.,  TuL  vui.  p.  17S. 
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In  answer  to  this,  it  may  be  obserred,  that  if  a  namber  of  strata 
differiDg  greatlj  in  compoBition  from  each  other  be  subjected  to 
equal  quantities  of  heat,  or  hydrothennal  action,  there  ia  every  pro- 
bability that  some  will  be  much  more  fusible  or  soluble  than  others. 
Some,  for  example,  will  contain  soda,  potash,  lime,  or  some  other  in- 
gredient capable  of  acting  as  a  flux  or  solvent ;  while  others  may 
be  destitute  of  the  same  elements,  and  so  refractory  as  to  be  very 
slightly  affected  by  the  same  causes.  Nor  shonld  it  be  foigotten 
that,  as  a  general  rule,  the  less  crystalline  rocks  do  really  occur  in 
the  upper,  and  the  more  crystalline  in  the  lower  part  of  each  meta- 
morphic  series. 

Moreover,  metamorphism  must  often  b^in  to  exert  its  force 
long  af^r  the  strata  have  assumed  a  vertical  position,  and  it  may 
then  act  locally  or  within  limited  areas,  and  will  be  as  likely  to 
affect  the  newer  as  the  older  beds.  As  an  illustration  of  such 
partial  conversion  into  gneiss  of  portions  of  a  highly  inclined  set 
of  beds,  I  may  cite  Sir  R.  Murchison's  memoir  on  the  structure  of 
the  Alps,  Slates  provincially  termed  ''  flysch  "  (see  above,  p.  304.), 
overlying  the  nummnlite  limestone  of  Eocene  date,  and  comprising 
Bome  arenaceons  and  some  calcareous  layers,  are  seen  to  alternate 
several  times  with  bands  of  granitoid  rock,  answering  ia  character 
to  gneiss.*  In  this  case  heat,  vapour,  or  water  at  a  high  tempera- 
ture may  have  trav^sed  the  more  permeable  beds,  and  altered  them 
BO  far  as  to  admit  of  an  internal  movement  and  re -arrangement  of 
the  molecules,  while  the  adjoining  strata  did  not  give  passage  to 
the  same  heated  gases  or  water,  or  if  so,  remained  unchanged  because 
they  were  composed  of  less  fusible  or  decomposable  materials. 
Whatever  hypothesis  we  adopt,  the  phenomena  establish  beyond 
a  doubt  the  possibility  of  the  development  of  the  metamorphio 
structure  in  a  tertiary  deposit  in  planes  parallel  to  those  of  stratifi- 

Whether  snch  parallelism  be  the  rule  or  the  exception  in  gneiss, 
mica-schist,  and  other  formations  of  the  same  family,  is  a  question 
vrhich  I  shall  discusa  at  length  in  the  next  chapter. 

*  QcoL  QutrL  Joitm.,  vol.  t.  p.  Sll.,  1848. 
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CHAPTER  XXXVL 

XETAHORFHiC  SOCKS— eontimied. 

UvflnilioD  of  j<udU,  il>qr  dcange  and  foliatiaa — SnppoMd  caiuei  of  that 
etrnctnrea — Mechanic^  iheory  of  cteaiage — Condenmiioii  aod  clongmtiaD  of 
■Ula  Tocka  by  lateral  preuare — Sapposed  corobinatioD  uf  crjiialline  mud 
mecbanical  forcea — LaminaEion  of  some  Tolcsoic  roeka  doe  lo  motion — Wlwtber 
tbe  fudUllonof  dieci7Malliiie  acbnubeiunill/pBnUlel  with  the  original  pluKi 
of  RratifieatiOD — Examplea  in  Norway  and  SeotUnd — Foliuion  in  bcBto- 
Rrneona  rock*  maj  cmndde  with  planea  of  dgange,  and  in  nnclea*ed  rocks 
with  thote  of  atnuiftcation — Gaoiu  of  irregDlarity  in  ihe  plana  of  foliation. 

Wb  have  already  seen  that  chemical  forces  of  great  iatensitj  have 
frequently  acted  apon  sedimeiitaiy  and  fosEiliferouB  atnte  long 
subseqaently  to  their  coRBolidation,  and  we  maj'  next  inquire 
whether  the  component  minerals  of  the  altered  rocks  nsuallj  ftrrange 
themselves  in  planea  parallel  to  the  original  planea  of  Btratiflcation, 
or  whether,  after  cryataUization,  they  more  commonly  take  np  ■ 
different  poeition. 

In  order  to  estimate  furly  tbe  merits  of  this  qnestioii,  we  most 
l^rst  define  what  is  meant  bj  the  tcnns  cleavage  and  foliatioo. 
There  are  four  disUnct  forms  of  structure  exhibited  ia  rocks. 
namely,  stratiflcation,  joints,  slaty  cleavage,  and  foliation ;  and  aS 
these  must  have  different  names,  even  though  there  be  casea  wbeR 
it  is  impossible,  after  carefully  studying  Ihe  appearancea,  to  deddt 
upon  the  class  to  which  they  belong. 

Professor  Sedgwick,  whose  essay  "  On  the  Structure  of  large 
^Mineral  Masses"  first  cleared  the  way  tawsrds  a  better  andw- 
standing  of  t^  difficult  subject,  observes,  that  joints  are  disliD- 
guishable  from  lines  of  slaty  cleavage  in  this,  that  the  rock  iater- 
vening  between  two  joints  has  no  tendency  to  cleave  ia  a  directioB 
parallel  lo  the  planes  of  the  joints,  whereas  a  rock  is  capable  of 
indefinite  subdivision  in  the  direction  of  its  slaty  cleavage.  In 
I'ases  where  the  strata  are  curved,  the  planes  of  cleavage  are  sliU 
perfectly  parallel.  This  has  been  observed  in  the  slate  rocks  ot 
part  of  Wales  (see  fig.  758.),  which  condst  of  a  bard  greenish  slate. 


«*a|e  Iturtertlng  cvr 


The  true  bedding  is  there  indicated  by  a  number  of  parallel  stripes, 
some  of  a  lighter  and  some  of  a  darker  colour  than  tbe  general  maiSi 
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Sacb  stripes  are  found  to  be  parallel  to  the  true  planes  of  strati- 
fication,  whereTer  these  are  maoifeBted  bj  ripple-murk,  or  by  beds 
contuning  pecaliar  organic  remains.  Some  of  the  contorted  strata 
are  of  a  coarse  mechanical  structure,  alternating  with  fine-grained 
ctTstalline  chloritic  elates,  in  which  case  the  same  slaty  cleavage 
extends  through  the  coarser  and  finer  beds,  though  it  is  brought  out 
in  greater  perfection  in  proportion  as  the  materials  of  the  rock  are 
fine  and  homogeneous.  It  is  only  when  these  are  very  coarse  that 
the  cleavage  planes  entirely  vanish.  These  planes  are  asoally  in- 
clined at  a  very  coiwiderable  angle  to  the  planes  of  the  strata.  In 
the  Welsh  hills,  for  example,  the  average  angle  is  as  much  as  from 
30°  to  40°.  Sometimes  the  cleavage  planes  dip  towards  the  same 
point  of  the  compass  as  those  of  stratification,  but  more  frequently 
to  opposite  points.  It  may  be  stated  as  a  general  rule,  that  wbeu. 
beds  of  coarser  materials  alternate  with  those  composed  of  finer 
particles,  the  slaty  cleavage  is  either  entirely  confin«i  to  the  fine- 
grained rock,  or  is  very  imperfectly  exhibited  in  that  of  coarser 
texture.  This  rule  holds,  whether  the  cleavage  is  parallel  to  the 
planes  of  stratification  or  not." 

In  regard  to  joints,  they  are  natural  fissures  which  oflien  traverse 
rocks  in  straight  and  well-determined  lines.  They  afford  to  the 
quarryman,  as  Sir  R.  MurchisoQ  observes,  when  speaking  of  the  phe- 
nomena, as  exhibited  in  Shropshire  and  the  neighbonring  counties, 
the  greatest  aid  in  the  extraction  of  blocks  of  stone ;  and,  if  a  soffi* 
cient  number  cross  each  other,  the  whole  mass  at  rock  is  split  into 
symmetrical  blocks.  The  faces  «f  the  joints  are  for  the  most  part 
smoother  and  more  regular  than  the  surfaces  of  true  strata.  The 
joints  are  straight-cut  chinks,  often  slightly  open,  often  passing,  not 
only  through  layers  of  successive  deposition,  but  also  through  balls 
of  limestone  or  other  matter  which  have  been  formed  by  concretion- 
ary action,  since  the  original  accumulation  of  the  strata.  Such 
joints,  therefore,  must  often  have  resulted  from  one  of  tlie  last  changes 
superinduced  upon  sedimentary  depoaits.f 

In  the  annexed  diagram  (fig.  759.),  the  fiat  surfaces  of  rock 
A,  B,  C,  represent  exposed  faces  of  joints,  to  which  the  walls  of  other 
joints,  J  J,  are  paralleL  s  s  ave  the  lines  of  stratification  ;  n  d  are 
lines  of  slaty  cleavage,  which  intersect  the  rock  at  a  conudcrable 
angle  to  the  planes  of  stratification. 

In  the  Swiss  and  Savoy  Alps,  as  Mr.  Bakcwell  has  remarked, 
enormous  masses  of  limestone  aoe  cut  through  so  regularly  by 
nearly  vertical  partings,  and  theae  joints  are  otien  so  much  more 
conspicuous  than  the  seams  of  stratification,  that  an  inexperienced 
observer  will  almost  iueritably  confound  them,  and  suppose  the 
strata  to  be  perpendicular  in  places  where  in  fact  they  are  almost 
horiiontal.t 

Now  such  jcnnts  are  supposed  to  be  analogous  to  the  partings 

■  Geo).  Trans.,  Sd  mics,  toL  iii.  p.         f  ^Inrian  Sjiteni,  p.  246. 
461.  t  IntTodnction  to  Geology,  cbap.  It. 
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which  separate  volcanic  and  plutonic  rocks  into  cuboidal  and  prig- 
matic  masses.  On  a  small  scale  we  see  cla^  and  starch  when  dry 
split  into  similar  shapes;  this  is  oflen  caused  by  simple  contnc- 
tion,  whether  the  sbriiiking  be  due  to  the  evaporation  of  water, 
or  to  a  change  of  temperature.  It  is  well  known  that  mtatj  sand- 
stones and  other  rocks  expand  by  the  application  of  modentte 
degrees  of  heat,  and  then  contract  agtun  on  cooling  ;  and  there  can 
be  no  doubt  that  large  portions  of  the  earth's  crust  have,  in  the 
course  of  past  ages,  been  subjected  again  and  again  to  very  difierem 
degrees  of  heat  and  cold.  These  alternations  of  temperature  have 
probablj  contributed  largely  to  the  production  of  joints  in  rocks. 

In  some  countries,  as  in  Saxony,  where  masses  of  basalt  rest  on 
sandstone,  the  aqueous  rock  has  for  the  distance  of  several  feet  from 
tbe  point  of  junction  assumed  a  columnar  structure  similar  to  that 
of  the  trap.  In  like  manner  some  hearthstones,  after  exposure  to  the 
heat  of  a  furnace  without  being  melted,  have  become  prismatie. 
Certun  cryBtals  also  acquire  by  the  application  of  heat  a  new  in- 
t«rnal  arrangement,  so  as  to  break  in  a  new  direction,  their  external 
form  remaining  unaltered. 

Professor  Sedgwick,  speaking  of  the  planes  of  slaty  desTage, 
where  they  are  decidedly  distinct  from  those  of  sediment&rj  de- 
position, declared  in  the  essay  before  alluded  to,  his  opinion  that  no 
retreat  of  parts,  no  contraction  in  the  dimenBions  of  rocks  in  pa^wff 
to  a  solid  state,  can  account  for  the  phenomenon.  He  accordingly 
referred  it  to  crystalline  or  polar  forces  acting  simultaneonsly,  and 
somewhat  uniformly,  in  given  directions,  on  large  masses  having  a 
homogeneous  composition. 

Sir  John  Herschel,  in  allusion  to  slaty  cleavage,  has  engigested. 
"  thaf  if  rocks  have  been  so  heated  as  to  allow  a  commencement  of 
crystallization, — that  is  to  say,  if  they  have  been  heated  to  a  point  at 
which  the  particles  can  begin  to  move  amongst  themselves,  or  at 
least  on  their  own  axes,  some  general  law  must  then  detennine  the 
position  in  which  these  particles  will  rest  on  cooling.  Probably,  that 
position  will  have  some  relation  to  the  direction  in  which  tho  heat 
escape!.     Now,  when  all.  or  a  majority  of  particles  of  the  aaaa 
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natnre  have  a  general  tendency  to  one  position,  that  must  of  course 
dctemuQe  a  cleavage-pi ane.  Thus  we  see  the  iofinitesimal  ctyetals 
of  fresh  precipitated  sulphate  of  barytes,  and  some  other  such  bodies, 
arrange  themselves  alike  id  the  fluid  in  which  they  float ;  eo  as, 
when  stirred,  all  to  glance  with  one  light,  and  give  the  appearance 
of  silky  filaments.  Some  sorts  of  soap,  in  which  insoluble  mar- 
garates*  exist,  exhibit  the  same  phenomenon  when  mixed  with 
water ;  and  what  occurs  in  our  experiments  on  a  minute  scale  maj 
occur  in  nature  on  a  great  one."| 

Professor  Phillips  has  remarked  that  in  some  slatj  rocks  the  form 
of  the  outline  of  fosral  shells  and  trilobites  has  been  much  changed 
by  distortion,  which  has  taken  place  in  a  longitudinal,  transverse,  or 
oblique  direction.  This  change,  he  adds,  seems  to  be  ibf  rosolt  of 
a  "  creeping  movement "  of  the  particlea  of  the  rock  along  the  planes 
of  cleavage,  its  direction  being  always  unif(»in  over  the  same  tract 
of  country,  and  its  amount  in  space  being  sometimes  measurable,  and 
being  as  much  as  a  quarter  or  even  half  an  inch.  The  hard  shells 
are  not  affected,  but  only  those  which  are  thin.}  Mr.  D.  Sharpe, 
following  up  the  same  line  of  inquiry,  came  to  the  conclusion,  that 
the  present  distorted  forms  of  the  shells  in  certain  British  slate 
rocks  may  be  accounted  for  by  supposing  that  the  rocks  in  wbicli 
they  are  imbedded  have  undergone  compression  in  a  direction  per- 
pendicular to  the  jJanes  of  cleavage,  and  a  corresponding  expansion 
in  the  direction  of  the  dip  of  the  cleavage.§ 

Subsequently  (1853)  Mr.  Sorby  demonstrated  tne  great  extent 
to  which  this  mechanical  theory  is  applicable  to  the  slate  rocks  of 
North  Wales  and  Devonshire  Q,  districts  where  the  amount  of  change 
in  dimensions  can  be  tested  and  measured  by  comparing  the  dif- 
ferent effects  exerted  by  lateral  preasare  on  alternating  beds  of 
Aner  and  coarser  materials.  Thus,  for  example,  in  the  accom- 
panying figure  (fig.  760.)  it  will  be  seen  that  the  sandy  bed  df, 
which  has  offered  greater  resistance,  has  been  sharply  contorted, 
while  the  fine-grained  strata,  a,  b,  c,  have  remained  comparatively 
unbent.  The  points  d  and  f  in  the  stratum  d  /  must  have  been 
originally  fonr  times  as  far  apart  as  they  are  now.  They  have  been 
forced  so  much  nearer  to  each  other,  partly  by  bending,  and  partly 
by  becoming  elongated  in  the  direction  of  what  may  be  called  the 
longer  axes  of  their  contortions,  and  lastly,  to  a  certain  small  amount, 
by  condensation.  The  chief  result  has  obviously  been  due  to  the 
bending ;  but,  in  proof  of  elongation,  it  will  be  observed  that  tlie 
thickness  of  the  bed  df  is  now  about  four  times  greater  in  thwe  parts 
lying  in  the  main  direction  of  the  flexures  than  in  a  plane  perpen- 

*  Hargkric  add  !■  on  olu^noiu  add,  \  lUpoit,  Brit.  Aucc,  Cork,  1843, 

ToniMd  from  diffeicnt  aaiiul  and  Teg«-  Sect.  p.  M. 

table  httj  nilMtancca.     A  nurgante  ii  $  Quart.  QcoL  Jonn.,  toI.  iiL  p.  S7. 

n  eompODnd  of  this  acid  wilb  soda,  po-  1847. 

tash.OTKiniaotherbucaiidiiKi  named  ]  On  tlM  Origin  orSlatjGcaTase,bj 

from  ib  peariy  iBitn.  H.  C.  BoAj,  Bdinb.  Kew.  FhO.  ^nni. 

t  Letter  to  the  anchor,  dated  C^w  of  ieS9,T(d.  It.  p.  1S7. 
Good  Hope,  Fel>.  30.  1836. 
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dicular  to  them ;  and  the  same  bed 
exhibits  cleavage-planes  ia  the 
direction  of  the  greatest  more- 
ment,  although  the^  are  much 
fewer  than  in  the  slat^  strata 
above  and  below. 

Above  the  sand;  bed  d  /,  the 
stratum  c  is  somewhat  distorbed, 
while  the  next  bed  h  is  much  less 
so,  and  a  not  at  all ;  jet  all  these 
beda,  e,  b,  and  a,  must  have  an- 
dergone  an  equal  amount  of  pns- 
sure  with  d,  the  points  a  and  9 
having  approximated  as  mach  to- 
wards each  other  as  have  d  and/ 
The  same  phenomena  are  alao  re- 
peated in  the  beds  below  d,  and 
might  have  been  shown,  had  the 
section  been  extended  downwards. 
Hence  it  appears  thatthe  finer  beds 
have  been  squeezed  into  a  fourth 
of  the  space  they  previonslj  oc- 
cupied, partly  by  condensation,  or 
the  closer  packing  of  their  ulti- 
mate particles  (which  has  given 
rise  to  the  great  specific  gtvvitr 
{i>ra«ii  bj  H.  c.  Sorhy.)  of  such  slates),  and  partly  by  eloD- 

VeciiMi  i«>ioii  "f  "i^*  Td"  ""  ""*    g^tifi  i°  ^^^  li"*  o^  *^6  dip  of  the 
suiiomi  Inch  tnoDo  foot.  cleavage,  of  which  tlw  general  di- 

■  ».  c  (  nnt-cniMd  ■hic>  ihc  Mniiis.  roctiou  is  perpendicular  to  tbat  of 
S'rk"  SSSri.'d^.S'/bJVilrtr^-d^  the  prossuTe.  «  These  and  npm*- 
A/^T Mrw-^Jn-d  "Khi^iour«i Mndr  ""*  °^^^'  *^*^^  '°  North  Devon 
>iiMwiih[Hi|»[hcteii»>(r.  ^fQ  analogous,"  says    Mr.  Sorby, 

"  to  what  would  occur  if  a  strip  of 
paper  were  included  in  a  moss  of  some  soft  plastic  material  which 
would  readily  change  its  dimensions.  If  the  whole  were  then  com- 
pressed in  the  direction  of  the  length  of  the  strip  of  paper,  it  would 
be  bent  and  puckered  up  into  contortions,  whilst  the  plastic  material 
would  readily  change  its  dimensions  without  undoi^ng  such  con- 
tortions ;  and  the  difference  in  distance  of  the  ends  of  the  paper,  as 
measured  in  a  direct  line  or  along  it,  would  indicate  the  change  in 
the  dimensions  of  the  plastic  naleriaL" 

1'be  student  will  readily  conceive  that,  when  the  shape  of  a  fossil 
or  of  a  crystal  of  some  mineral,  or  of  a  spheroidal  concretion,  has 
been  altered  by  lateral  pressure,  the  new  forms  which  they  assume 
respectively  will  vary  according  to  whether  tlioy  have  yielded  in 
one  or  more  directions.  They  may  have  been  drawn  out  solely  in 
the  direction  of  the  dip  of  the  cleavage,  or  they  may  have  yielded 
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ia  k  plane  perpendJcalar  to  that  dip,  or  they  maj  hare  uodei^one 
both  these  tnoTemeDts.  Bj  microscopie  examination  of  minnto 
crfstalg,  ftnd  by  other  observations  too  minate  to  be  detailed  here, 
Mr.  Sorbj  comes  to  the  conclusion  that  the  absolute  condensation  of 
the  slate  rocks  amounts  upon  an  average  to  about  one  half  tbeir 
original  volume.  This  must  have  resulted  chiefly  from  the  forcing 
of  the  particles  more  closely  together,  so  as  to  fill  up  the  spaces  left 
between  tbem,  when  thej  only  touched  each  other.  The  rest  of  tbe 
change  has  been  due  to  elongation  which  has  produced  slaty  cleavage. 

Most  of  tbe  scales  of  mica  oocmring  in  certain  slates  examined  by 
Mr.  Sorby  lie  in  the  plane  of  cleavage  ;  whereas  in  a  similar  rock 
not  exbibitmg  cleavage  they  lie  with  their  longer  axes  in  all  direc- 
tions. May  not  their  position  in  the  elates  have  been  determined 
by  tbe  movement  of  elongation  beibre  alluded  to  ?  To  illnstrate  this 
theory  some  scales  of  oxide  of  iron  vrere  mixed  with  soft  pipe-clay 
in  BDch  a  manner  that  they  inclined  in  all  directions.  The  dimen- 
sions of  the  mass  were  then  changed  artiflcially  to  a  similar  extent 
to  what  has  occurred  in  slate  rocks,  and  the  pipe-clay  was  then  dried 
and  baked.  When  it  was  afterwards  rubbed  to  a  flat  surface  perpen- 
dicular to  the  pressure  and  in  tbe  line  of  elongation,  or  in  a  plane 
corresponding  to  that  of  the  dip  of  cleavage,  the  particles  were  found 
to  have  become  arranged  in  the  same  manner  as  in  natural  slates, 
and  the  mass  admitted  of  easy  fracture  into  thin  flat  pieces  in  the 
plane  alluded  to,  whereas  it  would  not  yield  in  that  perpendicular  to 
the  cleavage.* 

Dr.  Tyndall,  when  commenting  in  1856  on  Mr.  Sorby's  experi- 
ments, observed  tliat  pressure  alone  is  sufQcient  to  produce  cleavage, 
and  that  the  intervention  of  plates  of  mica  or  scales  of  oxide  of  iron, 
or  any  other  substacces  having  flat  surfaces,  is  quite  unnecessary. 
In  proof  of  this  be  showed  experimentally  that  a  mass  of  "  pure 
white  wax  after  having  been  submitted  to  great  pressure,  exhibited 
a  cleavage  more  clean  than  that  of  any  slat^-rock,  splitting  into 
lamina  of  surpassing  tenuity  ."f  He  remarks  that  every  mass  of  clay 
or  mud  is  divided  and  subdivided  by  surfaces  among  which  the 
cohesion  is  comparatively  small.  On  being  subjected  to  pressure, 
such  masses  yield  and  spread  out  in  the  direction  of  least  resistance, 
small  nodules  become  converted  into  laminie  separated  from  each 
other  by  surfaces  of  weak  cohesion,  and  the  result  is  that  the  mass 
cleaves  at  right  angles  to  the  line  in  which  the  pressure  is  exerted. 
Tbe  experiments  of  Mr.  Sorby  in  reference  to  the  manner  in  which 
scales  of  mica  and  oxide  of  iron  arrange  themselves  in  soft  pipe-clay 
under  compression  have  been  supposed  to  lend  countenance  to  the 
opinion  that  tbe  lamination  of  basalt  and  trachyte,  and  even  of  some 
kinds  of  gneiss,  and  the  grain  ef  certain  granites,  may  all  have  been 
detonuined  by  a  mechanical  cause^  a  movement  having  taken  place 
after  tbe  development  of  crystals  tn  the  pasty  mass. 


•  Sorby,  a*  eilcd  sbaTa,  p.  T4l.,  note. 
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Mr.  Scrope,  in  his  description  of  the  Ponift  lalukds,  ascribed  tbe 
soned  structure  of  the  Hungarian  perlite  (a  semi-vitreona  trachyte) 
to  its  baring  subsided,  in  obedience  to  the  impulse  of  its  owd 
gravity,  down  a  slightly  inclined  plane,  vbile  possesaed  of  an  im- 
perfect fluidity.  In  the  Isluids  of  Ponsa  and  Falmarolo,  the  direc* 
tion  of  the  zones  is  more  frequently  vertical  than  horizontal,  because 
the  mass  was  impelled  from  below  upwards."*  In  like  manner, 
Ur.  Darwin  attributes  the  lamination  and  Gssile  structure  of  volcanic 
rocks  of  tbe  trachytic  series,  including  some  obsidiaiiH  in  Ascension, 
Mexico,  and  elsewhere,  to  their  having  moved  when  liquid  in  the 
direction  of  the  laminn.  The  zones  consist  sometimes  of  layers  of 
air-cells  drawn  out  and  lengthened  in  the  sapp<»ed  direction  of  tbe 
moving  moss.  This  division  into  parallel  zones,  thus  caused  by  the 
stretching  of  a  pasty  mass  as  it  flowed  slowly  onwards,  he  com- 
pares to  the  zoned  or  ribboned  structure  of  ice,  which  Frofeasor 
James  Forbes  has  endeavoured  to  explain  by  referring  to  the  As- 
suring of  a  viscous  body  in  motion.')' 

Whatever  be  the  cause,  the  result,  observes  Darwin,  is  well 
worthy  the  attention  of  geologists ;  fur,  in  a  volcanic  rock  of  the 
trachytic  series  in  Ascension,  layers  are  seen  often  of  extreme 
tenuity,  even  as  thin  as  hairs,  and  of  diflereut  colours,  alternating 
again  and  again,  some  of  them  composed  of  crystals  of  quartz  and 
diopside  (a  kind  of  augite),  others  of  black  augitia  specks  wiUi 
granules  of  oxide  of  iron,  and  lastly,  others  of  crystaUine  felspar. 
It  is  supposed  in  this  case  that  the  crystallizing  force  acted  mors 
freely  in  the  direction  of  the  planes  of  cleavage,  produced  when  tbe 
pasty  mass  was  stretched,  whether  because  confined  vapours  wera 
enabled  to  spread  themselves  through  the  minute  flssurea,  or  becaose 
the  ultimate  molecules  had  more  freedom  of  motion  along  the  planes 
of  less  tension,  or  for  some  other  reasons  not  yet  understood. 

After  studying,  in  1S35,  the  crystalline  rocks  of  South  America, 
Mr.  Darwin  proposed  the  term  folvMon  for  the  lamine  or  plates 
into  which  gneiss,  mica-schist,  and  other  crystalline  rocl»  are 
divided.  Cleavage,  he  observes,  may  be  applied  to  those  divisional 
planes  which  render  a  rock  fissile,  although  it  may  appear  to  the 
eye  quite  or  nearly  homogeneous.  Foliation  may  be  used  for  those 
alternating  layers  or  pUtes  of  difi'erent  mineralogical  nature  of 
which  gneiss  and  other  metamorphic  schists  are  composed.  Tbe 
cleavage  planes  of  the  clay-elate  in  Terra  del  Fu^o  and  Chili 
preserve  a  aniform  strike  for  hundreds  of  miles  ia  regions  where 
these  planes  are  quite  distinct  from  stratification.  In  the  same 
country  the  planes  of  foliation  of  the  mica-schist  and  gneiss  tre 
parallel  to  the  cleavage  of  the  clay-slate.  Hence  we  are  tempted,  at 
first  sight,  to  infer  that  some  common  cause  or  process,  and  that  cauM 
not  connected  with  sedimentary  deposition,  has  impressed  cleavage  oa 
the  one  set  of  rocks  and  foliation  on  the  other.  But  such  an  infs- 
ence  can  only  be  legitimately  drawn  in  those  rare  cases  wherewv 
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aresble,  by  a  coatianoas  section,  to  prove  that  notonlj  theetrike,  bat 
the  dip  of  tlie  slaty  cleavage  on  the  one  hand,  and  of  the  foliation  on 
the  other,  precisely  coincide  ;  the  deavfige  at  the  Bnme  time  not  being 
parallel  to  the  stratification  in  the  slate  rock.  In  some  examples 
vited  by  Mr.  Darwin,  in  Terra  del  Fuego,  the  CboDOS  Islands, 
and  La  Plata,  this  nuiformity  of  dip  seems  to  have  been  traced  in  b 
maimer  aa  satisfactory  as  the  nature  of  such  evidence  will  alloir. 
But  we  must  be  on  our  gnard  against  a  sonrce  of  deception  which 
may  mislead  ns  in  this  chain  of  reasoning.  We  are  informed  that 
in  South  America,  as  in  other  countries,  the  strike  of  the  cleav^e 
in  clay-slate  conforma  to  the  axis  of  elevation  of  the  rocks  in  the 
same  districts.  Hence  it  must  follow  that  the^o/ia  of  gneiss,  mica- 
schist,  limestone,  and  other  crystalline  rocks,  even  if  they  strictly 
eoiocide  with  the  planes  of  original  stratification,  will  run  in  the 
same  direction  as  the  strike  of  the  slaty  cleavage ;  for  the  true 
strata  always  dip  at  right  angles  to  the  axis  of  elevation,  and  are 
parallel  to  it  in  their  strike.  No  argument,  therefore,  can  be  drawn 
in  favour  of  a  common  origin  from  uniformity  of  strike  in  the  slaty 
and  foliated  rocks  ;  for. we  require,  in  addition,  coincidence  of  dip; 
and  such  is  the  variability  of  the  dip  both  of  the  slates  and  fotia  as 
to  render  this  kind  of  proof  very  difficult  to  obtain. 

That  the  planes  of  foliation  of  the  crystalline  schists  in  Korway 
accord  very  generally  with  those  of  original  stratiBcation  is  a  con- 
clusion long  since  espoused  by  Keilhau.*  Numerous  observations 
made  by  Mr.  David  Forbes  in  the  same  country  (the  beet  probably 
in  Europe  for  studying  such  phenomena  on  a  grand  scale)  confirm 
Keilhau's  opinion.  In  Scotland,  also,  Mr.  D.  Forbes  has  pointed  out 
a  striking  cose  where  the  foliation  is  identical  with  the  lines  of  stra- 
tification in  rocks  well  seen  near  Crianlorich  on  the  road  to  Tyndram, 
about  8  miles  from  Inverarnon  in  Perthshire.  There  is  in  that 
locality  a  blue  limestone  foliated  by  the  intercalation  of  small  plates 
of  white  mica,  so  that  the  rock  is  often  scaroely  distinguishable  in 
aspect  from  gneiss  or  mica-schist.  The  stratification  is  shown  by 
the  large  beds  and  coloured  bonds  of  limestone  all  dipping,  like  the 
folia,  at  an  angle  of  32  degrees  N.E-t 

In  stratified  formations  of  every  age  we  see  layers  of  siliceous 
sand  with  or  without  mica,  alternating  with  clay,  with  fragments 
of  shells  or  corals,  or  with  seams  of  vegetable  matter,  and  we  should 
expect  the  mutual  attraction  of  like  particles  to  favour  the  crystal- 
lization of  the  quartz,  or  mica,  or  felspar,  or  carbonate  of  lime  along 
the  planes  of  original  deposition,  ratiier  than  in  planes  placed  at 
angles  of  20  or  40  degrees  to  those  of  stratification. 

In  Patagoniis  a  series  of  thin  sedimentary  layers  of  tuff  were 
observed  by  Mr.  Darwin  to  have  become  porpbyritio,  first  where 
least  altered,  by  a  process  of  aggregation,  small  patches  of  clay 
appearhig  to  be  sborlened  into  almond-shaped  concretions,  which  in 


*  Nonke  Hsg.  NainrTi'lik.,  vol.  I 
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those  places  where  the;  were  more  cbanged  had  become  crystals  of 
felspar,  having  their  longer  axes  parallel  to  each  other.  In  other 
associated  strata,  gruns  of  quartz  had  in  like  manner  aggrc^ted 
into  nodules  of  crystalline  qaartz.* 

May  we  not,  then,  presume  that  in  rocks  where  no  cleavage  has 
intervened,  foliation  and  the  planes  of  stratification  will  asnally 
coincide,  as  in  all  casea  where  cleavage  happens  (as  in  the  writing- 
slates  of  the  Niesen  on  the  Lake  of  Thun  in  Switzerinnd,  containing 
fucoids)  to  agree  with  the  original  planes  of  sedimentary  depoeition  ? 
Mi.  Darwin  conceives  that  "  foliation  may  be  the  extreme  result  of 
the  process  of  which  cleavage  is  the  first  effect  •"  or,  at  any  rat& 
that  the  crystalline  force  may  have  been  most  energetic  in  tbo 
direction  of  cleavage.  As  bearing  on  this  view,  he  says,  "I  was 
particularly  struck  in  the  eastern  parts  of  Terra  del  Fuego  with  the 
fact  that  the  fine  Uuninte  of  clay'slate,  where  they  cut  straight 
through  the  bands  of  stratification,  and  therefore  indisputably  true 
cleavage-planes,  differ  slightly  from  one  another  in  their  greyiiJt 
and  greenish  tints  of  colour,  as  also  in  their  compactness,  and  in 
Bome  laminte  having  a  more  jaspery  appearance  than  othra^  This 
fact  shows  that  the  same  cause  which  has  produced  the  highly 
fissile  structure  has  altered  in  a  slight  degree  the  mineralc^cal 
character  of  the  rock  in  the  same  planes."  ^  Aa  one  step  farther 
towards  tracing  a  passage  from  planes  of  cleavage  to  those  of  folia- 
tion. Professor  Sedgwick  observes  that  in  North  Wales  the  surfacM 
of  slates  are  sometimes  coated  over  with  chlorite,  "the  crystals  of 
which  have  not  only  defined  the  cleavage  planes  but  struck  throngb 
the  whole  mass  of  the  rock."  {  So  also,  says  Mr.  Darwin,  in  eons 
places  in  South  America  ciystals  of  epidote  and  of  mica  coat  the 
planes  of  cleavage. 

There  seems  to  be  no  difficulty  in  imagining  tliat  in  rocks  ct 
homogeneota  composition  the  foliation  may  take  place  along  planes 
previously  caused  by  the  elongation  of  the  materials  along  the  dip 
of  the  cleavage  ;  for  experienced  geologists  have  been  at  a  loss  to 
decide  in  many  countries  which  of  two  sets  of  divisional  plaoes  were 
referable  to  cleavage,  and  which  to  stratification ;  and,  after  mnch 
doubt,  have  discovered  that  they  had  at  first  mistaken  the  lines  of 
cleavage  for  those  of  deposition,  because  the  former  were  by  &r  the 
most  marked  of  the  two.  Now  if  such  slaty  masses  should  become 
highly  crystalline,  and  be  converted  into  gneiss,  horoUendo-achist, 
or  any  otber  member  of  the  hypogene  class,  the  cleavage  planes 
might  possibly  remain  more  visible  than  those  of  stratification. 
Professor  Henslow  had  noticed,  so  long  ago  as  the  year  1821,  that 
the  lamination  of  the  chloride  and  other  crystalline  schists  io 
Anglesea  was  approximately  in  the  planes  of  bedding  ;  and  Fro- 
feagor  Bamsay,  in  1641,  observed  the  same  in  regard  to  the  gneiss 
and  mica-schist  of  Arrao.  The  last-cited  geolc^iat  says,  in  reference 

•  Soath  America,  p.  U9,  t  Stdgwidi,  Oed.  Trans.,  Sec  S«., 
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to  Anglesea,  that  the  metAmorphism  probably  took  place  wben  the 
liOwer  Silurian  volcaoos  wtre  in  activity,  and  therefore  long  before 
the  cleavage  of  the  Welsh  roeks ;  for  the  cleavage  of  the  latter 
afTectd  in  common  the  Lower  Silurian  and  the  Cambrian  strata.  lu 
tlie  same  memoir  he  adds,  when  referring  to  Mr,  Darwin's  theory  of 
folifttion,  "  that,  if  the  rocks  be  uncleared  when  metamorphiam 
occnrs,  the  foliation  planes  will  be  apt  to  coincide  with  thoee  of 
bedding  ;  but  if  intense  cleavage  has  preceded,  then  we  may  expect 
that  the  plnnea  of  foliation  will  lie  in  the  planes  of  cleavage."  ' 

From  what  I  have  myself  seen  in  the  Grampians,  both  in  Forfar- 
shire nnd  Perthshira,  I  have  always  concluded  that  MacColloch  was 
correct  in  the  opinion  that  gneiss  and  mica-schist  may  be  considered 
as  stratified  rocks,  and  that  certain  beds  of  pure  quartz,  one  or  two 
feet  thick,  which  run  for  milea  in  the  strike  of  their  foliation,  as  well 
as  the  intercalation  of  masses  of  limestone,  and  of  cbloritic,  octi- 
nolitic,  and  homblendic  schists,  all  indicate  the  planes  of  original 
stratification.  Ax  the  same  time,  I  fully  admit  that  the  alternate 
layers  of  quarts,  or  of  mica  and  qnartc,  of  fslspar,  or  of  mica  and 
felspar,  or  of  carbonate  of  lime,  are  more  distinct,  in  certain  meto- 
morpbic  rocks,  than  the  ingredients  composing  alternate  layers  in 
most  sedimentar;  deposits,  so  that  similar  particles  must  be  supposed 
to  have  exerted  a  molecular  attraction  for  each  other,  and  to  have 
congregated  together  in  layers  more  distinct  in  mineral  composition 
than  before  they  were  cryst»Ui>ed. 

We  have  seen  how  much  the  original  planes  of  stratification  may 
be  interfered  with  or  even  obliterated  by  concretionary  action  in 
deposits  still  retaining  their  fossils,  as  in  the  case  of  the  magnesiaa 
limestone  (see  p.  37.).  Hence  we  must  expect  to  be  frequently 
baffled  when  we  attempt  to  decide  whether  the  foliation  does  or 
does  not  accord  with  that  arrangement  which  gravitation,  combined 
with  current-action,  imparted  to  a  deposit  from  water.  Moreover, 
when  we  look  for  stratification  in  crystalline  rocks,  we  must  be  on 
our  guard  not  to  expect  too  much  r^^larity.  The  occurrence  of 
wedge-shaped  masses,  such  as  belong  to  coarae  sand  and  pebbles, — 
diagonal  lamination  (see  p.  16.X — ripple-marked, — unconformable 
stratification  (p.  16.), — the  fantastic  folds  produced  by  lateral  pres- 
sure,— faults  of  varioni  width, — intrusive  dikes  of  trap, — organic 
bodies  of  diversified  shape^->-and  other  causes  of  unevenness  in  the 
planes  of  deposition,  both  on  the  small  and  on  the  large  scale,  will 
interfere  with  parallelism.  If  complex  and  enigmatical  appearances 
did  not  present  themselves,  it  would  be  a  serious  objection  to  the 
metamorphic  theory. 

Mr.  Sorby  has  shown  that  the  peculiar  structure  belonging  to 
ripple-marked  sands,  or  thnt  which  is  generated  when  ripples  are 
formed  during  the  deposition  of  the  materials,  is  distinctly  recc^- 
nicable  in  many  varieties  of  mica-schists  in  Scotland,  j* 

•  Oral.  QuMt.  JoDm.,   IS&3,  toL  t  H.  C.  Sorb/,  QeoL  Quart  Jonro., 
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In  the  accompanying  diagram  I  have  represented  c&refully  the 
p.    jjj  lAinioalion  of  a  coarse  argill&- 

ccoue  ecliist  Trhicli  I  examined 
in  1830  in  the  Fjreneefi.       In 
part  it  approaches  in  character 
to  a  green  and    blue  roofing- 
filate,  wliile  part  is  extremelr 
quartzose,  the  whole  toasB  pass- 
ing downwards  into  micaceous 
schist.      The  vertical    section 
here  exhibited  is  alwut  3  feet 
*™'""i«r%«Y™'l?'d.ui""p)™l!i?'*^''''     '"  height,  and  the    layers  are 
sometimes  so  thin  that  fiftj  maj 
he  counted  in  the  thickness  of  an  inch.     Some  of  them  consist  of 
pure  quartz. 

There  is  a  resemblance  in  snch  cases  to  the  diagonal  lamication 
which  we  see  in  sedimentarj  rocks,  even  though  the  layers  of  quanz 
and  of  mica,  or  of  felspar  and  other  minerals,  maj  be  more  distioct 
in  alternating  folia  than  they  were  originally. 

M.  Elie  de  Beaumont,  while  he  regards  the  greater  part  of  the 
gneiss  and  mica-schist  of  the  Alps  as  sedimentary  strata  altered 
by  plutonic  action,  still  conceives  that  some  of  the  Alpine  gneiss 
may  have  been  erupted,  or,  in  other  words,  may  be  granite  drawn 
out  into  parallel  laminn  in  the  manner  of  trachyte,  as  above 
alluded  to.* 

If  the  mass  were  squeezed  and  elongated  in  a  certain  direction 
after  crystals  of  mica,  talc,  or  other  scaly  minerals  were  developed, 
these  may  perhaps  have  arranged  themselves  in  planes  parallel  to 
those  of  movement,  and  a  similar  process  may  account  for  what  the 
quanymen  call  "  the  grain  "  in  some  granites,  or  a  tendeucy  to  s|^t 
in  one  direction  more  freely  than  in  another.  But,  as  a  general  rule, 
the  fusion  of  the  crystalline  schists  does  not  appear  to  have  gone  so 
far  as  to  allow  of  motion  analogous  to  that  of  lava  or  granite,  uid 
for  this  reason  rocks  of  this  class  do  not  send  veins  into  suirounding 
rocks.  In  the  next  chapter  we  may  inquire  at  how  many  distinct 
periods  the  hypogene  or  metamorphic  schists  can  be  proved  to  have 
originated,  and  why  for  so  long  a  time  the  earlier  geolc^ists  regarded 
them  as  entitled  to  the  name  of  "primitive." 

*  Balloon  Soc.  G«oL  de  Fnuice,  ie  auric,  toL  iv.  p.  (30i. 
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CHAPTER  XXXVn. 

OK  THB  DIFFEBENT  AOE3  OF  THE   XETAUORFHfC  ROCE3. 

Ago  of  each  let  of  metamorptiic  atrata  twofold  — Test  of  age  bj  fbnili  and  mineral 
cborsctec  cot  available  — Test  bj  aaperpoiitian  ambignoiu  —  CoQTe:noa  of  dense 
nuuuB  of  fouiliferoiu  Krnta  Into  roetamorpMc  rod* — Limeitone  and  >halo  of 
Carrara — ^Hetamorphic  itrata  of  older  date  than  the  Cambrian  rocks — Ollieia 
of  Lower  Silorian  origin  —  Othen  of  the  Joraniu  and  Eocene  periods  in  the 
Alps  of  Swiuerland  and  Savoj — Whj  aearcelj  snir  of  the  viiibla  cr7itallin« 
strata  are  very  modeni  —  Order  of  incceuioa  in  mebunorphic  rocks  —  Uni- 
formity of  mineral  character  —  Why  the  netamorphie  strata  are  less  calcareoni 
than  the  fosulfenma. 

AccoBDiNO  to  the  theorj  adopted  in  the  last  chapter,  the  age  of  each 
set  of  metamorphtc  strata  is  twofold,  —  they  have  been  deposited  at 
one  period,  they  have  become  crystalline  at  another.  We  can  rarely 
hope  to  define  with  exactness  the  date  of  both  these  periods,  the 
fossils  having  been  destroyed  by  plutonic  action,  and  the  mineral 
characters  being  the  same,  whatever  the  age.  Superposition  itself 
is  an  ambiguona  test,  especially  when  we  desire  to  determine  the 
period  of  crystallization.  Suppose,  for  example,  we  are  convinced 
that  certain  metamoiphio  strata  in  the  Alps,  which  are  covered  by 
cretaceous  beds,  are  altered  lias ;  this  lias  may  have  assumed  its 
crystalline  texture  in  the  cretaceous  or  in  some  tertiary  period,  tbe 
Eocene  for  example.  If  in  tbe  latter,  it  should  be  called  Eocene 
when  regarded  as  a  metamorphic  rock,  although  it  be  liassic  when 
considered  in  reference  to  the  era  of  its  deposition.  According  to  this 
view,  the  superposition  of  chalk  does  not  prevent  the  subjacent 
metamorphic  rock  from  being  Eocene. 

When  discnsaing  the  agea  of  the  plntonic  rocks,  we  hare  seen  that 
examples  occur  of  varions  primary,  secondary,  and  tertiary  deposits 
converted  into  metamorphic  strata,  near  their  contact  with  granite. 
There  can  be  no  doubt  in  these  cases  that  strata,  once  composed  of 
mud,  sand,  and  gravel,  or  of  clay,  marl,  and  shelly  limestone,  have 
for  the  distance  of  several  yards,  and  in  some  instances  soveml 
hundred  feet,  been  turned  into  gneiss,  mica-schist,  hornblende-schist, 
chlorite-Bchist,  quarts  rock,  statuary  marble,  and  the  rest  (See  the 
two  preceding  Chapters.) 

But  when  the  metamorphic  action  has  operated  on  a  grander  scale, 
it  tends  entirely  to  dostrcrr  all  monuments  of  the  date  of  its  develop- 
ment It  may  be  easy  to  prove  the  identity  of  two  different  parts  of 
the  same  stratum ;  one,  where  the  rock  has  been  in  contact  with  a 
volcanic  or  plntonic   mass,   and  has  been  changed  into  marble  or 
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honiblende>sclust^  and  another  not  far  distant,  where  the  same  bed 
remains  unaltered  and  fosBiliferous ;  but  when  we  have  to  compare 
two  portions  of  a  monntun  chwn — the  one  metamorphic,  and  the 
other  unaltered — all  the  labonr  and  skill  of  the  most  practised  ob- 
servers are  required,  and  maj  sometimes  be  at  fanlt.  I  shall  men- 
tion  one  or  two  examples  of  alteration  on  a  grand  scale,  in  order  to 
explain  to  the  student  the  kind  of  reasoning  hy  which  we  are  led  to 
infer  that  dense  masses  of  fosailiferous  strata  have  been  converted 
into  crystalline  rocks. 

Northtm  ApetiniHtt — Carrara. — The  celebrated  marble  of  Car- 
rara, used  in  sculpture,  was  once  regarded  aa  a  type  of  primitive 
limestone.  It  abounds  in  the  mountains  of  Masaa  Carrara,  or  the 
"  Apuan  Alps,"  as  they  have  been  called,  the  highest  peaks  of  which 
are  nearly  6O00  feet  high.  Its  great  antiquity  was  inferred  frwn  its 
mineral  texture,  irom  the  absence  of  fossils,  wid  its  passage  down* 
wards  into  talc-schist  and  gametiferona  mica-schist;  these  rocks 
again  graduating  downwards  into  gneiss,  which  is  penetrated,  at 
Forao,  by  granite  veins.  Now  the  researches  of  MM.  Savi,  Bono, 
Fareto,  Guidoni,  De  la  Beche,  Hoffmann,  and  Pilla  have  demon- 
strated that  this  marble,  once  supposed  to  be  formed  before  the  ex- 
istence of  organic  beings,  is,  in  fac^  an  altered  limestone  of  the  Oolitic 
period,  and  the  underlying  crystalline  schists  are  secoDdary  sand- 
stones and  shales,  modified  by  plutonic  action.  In  order  to  establish 
these  conclusions,  it  was  first  pointed  out,  that  the  calcareous  rocks 
bordering  the  Gulf  of  Spezio,  and  abounding  in  Oolitic  fossils, 
assume  a  texture  like  that  of  Carrara  marble,  in  proportion  as  they 
are  more  and  more  invaded  by  certain  trappean  and  plutonic  rocks, 
such  as  diorite,  euphotide,  serpentina  and  granite,  occurring  in  the 
same  country. 

It  was  then  observed  that,  in  places  where  the  secondary  forma- 
tions are  unaltered,  the  uppermost  consist  of  common  Apenninc 
limestone  with  nodules  of  flint,  below  which  are  shales,  and  at  the 
base  of  all,  argillaceous  and  siliceous  sandstones.  In  the  limesttme 
fossils  are  frequent,  bat  very  rare  in  the  underlying  shale  and  sand- 
stone. Then  a  gradation  was  traced  laterally  from  these  rocks  into 
another  and  corresponding  series,  which  is  completely  metamorphic  ; 
for  at  the  top  of  this  we  find  a  white  granular  marble,  wholly  devoid 
of  fossils,  and  almost  without  stratification,  in  which  there  are  no 
nodules  of  fiint,  but  in  its  place  siliceous  matter  disseminated 
through  the  mass  in  the  form  of  prisma  of  quarta.  Below  this,  and 
in  place  of  the  shales,  are  talc-schists,  jasper,  and  homstone ;  and  at 
the  bottom,  instead  of  the  siliceous  and  argillaceous  sandstones,  arc 
quartzite  and  gneiss.*  Had  these  secondary  strata  of  the  Apemunes 
undergone  universally  as  great  an  amount  of  transmutation,  it  woukl 
have  been  impossible  to  form  a  conjecture  respecting  their  true  as« ; 
and  then,  according  to  the  method  of  classification  adopted  by  the 

•  Soe  notices  of  Sa*i,  Hoffinann,  and  and  torn.  ili.  p.  44. ;  >1mi  RIU.  din)  b* 
othen,  refeirtd  to  bj  Bon6,  BulL  de  U  MnrchiMni.  Qiun.  QmL  Jmib,  toL  i. 
SocOtoL  do  France,  tcim.  t.  p.  317. ;      p.  SGG. 
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earlier  geolt^iats  they  would  h&ve  ranked  u  primary  rocks.  Id  that 
case  the  date  of  their  origio  would  have  been  thrown  back  to  an  era 
antecedent  to  the  deposition  of  the  Lower  Silarian  or  Cunbrian 
strata,  although  in  reality  the;  were  furmed  in  the  Oolitic  period, 
and  altered  at  some  Babseqnent  and  perhaps  mnch  later  epoch. 

Alps  of  SwUserlaTid. — In  the  Alpa,  analogona  concluBions  have 
been  drawn  respecting  the  alteration  of  strata  on  a  Btilt  more  ex- 
tended scale.  In  the  eastern  part  of  that  chain,  some  of  the  primary 
fosnliferouB  strata,  as  well  as  tbe  older  secondary  formationB,  toge- 
therwith  the  oolitic  and  cretaceous  rocks,  are  distinctly  recognizable. 
Tertiary  deposits  also  appear  in  a  lees  elevated  position  on  the  flanks 
of  the  Eastern  Alps  ;  but  in  the  Central  or  Swiss  Alps,  the  primary 
foseiliferouB  and  older  secondary  formations  disappear,  and  tiie  Cre- 
taceous, Oolitic  Liasaic,  and  at  some  points  even  the  Eocene  strata, 
graduate  insensibly  into  metamorphic  rocks,  consisting  of  granular 
limestone,  talc-schist,  talcose-gneiss,  micaceous  schist^  and  other 
varietieo.  In  regard  to  the  age  of  this  vast  assemblage  of  crystalline 
strata,  we  can  merely  affirm  that  some  of  tbe  npper  portions  are 
altered  newer  secondary,  and  some  of  them  even  Eocene  deposits ;  but 
we  cannot  avoid  suspecting  that  the  disappearance  both  of  the  older 
secondary  and  primary  fossiliferons  rocks  may  be  owing  to  their 
having  been  all  converted  in  the  same  r^on  into  crystalline  schist. 

It  is  difficult  to  convey  to  those  who  have  never  visited  the  Alps 
a  jnst  idea  of  the  various  proofs  which  concur  to  produce  this  con- 
victioo.  In  the  first  place,  there  are  certun  regions  where  Oolitic, 
Cretaceous,  and  Eocene  strata  have  been  tamed  into  granular  marble, 
gneiss,  and  other  metamorphic  schists,  near  their  contact  with  gra- 
nite. This  fact  shows  undeniably  that  platooic  causes  continued  to 
be  in  operation  in  the  Alps  down  to  a  late  period,  even  after  the 
deposition  of  some  of  the  uummulitic  or  middle  Eocene  ftirmatiens- 
Having  established  this  pointy  we  are  tite  more  willing  to  believe 
that  many  inferior  fossiliferons  rocks,  probably  exposed  for  longer 
periods  to  a  similar  action,  may  have  become  metamorphic  to  a  still 
greater  extent. 

We  also  discover  in  parts  of  the  Swiss  Alps  dense  masses  of 
secondary  and  even  tertiary  strata  which  have  assumed  that  semi- 
crystalline  texture  which  Werner  called  transition,  and  which  natu- 
rally led  his  followers,  who  attached  great  importance  to  mineral 
characters  taken  alone,  to  class  them  as  transition  formations,  or  as 
groups  older  than  the  lowest  secondary  rocks.  (See  p.  93.).  Now, 
it  is  probable  that  tbese  strata  have  been  affected,  although  in  a  less 
intense  degree,  by  that  same  plntonic  action  which  has  entirely 
altered  and  rendered  metamorphic  so  many  of  the  subjacent  form- 
ations ;  for  in  the  Alps,  this  action  has  by  no  means  been  confined 
to  the  immediate  vicinity  of  granite.  Granite,  indeed,  and  other 
plutonic  rocks,  rarely  make  their  appearance  at  the  surface,  notwith- 
standing the  deep  ravines  which  lay  open  to  view  the  internal  struc- 
ture of  Uiese  monntains.  That  they  exist  below  at  no  great  depth 
we  cannot  doubt,  and  we  have  already  seen  (p.  704.)  that  at  some 
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pointia,  as  in  the  Volorsine,  near  Mont  Blanc,  granite  and  granitic 
veins  are  observable,  piercing  througli  talcose  gneis^  which  passes 
insensibly  upwards  into  secondary  strata. 

It  is  certainly  in  Ibe  Alps  of  Switzerland  and  Savoy,  more  than  in 
any  other  district  in  Europe,  that  the  geologist  is  prepared  to  meet 
with  the  signs  of  an  intense  development  of  plutonic  action ;  for  here 
we  find  the  meet  stupendous  monuments  of  mechanical  violence,  by 
which  strata  thousands  of  feet  thick  have  been  bent,  folded,  and 
overturned.  (See  p.  58.)  It  is  here  that  marine  secondary  form- 
ations of  a  comparatively  modem  date,  Buch  as  tiio  Oolitic  and  Cre- 
.  taceous,  have  been  upheaved  to  the  height  of  12,00(^  and  som« 
Eocene  strata  to  elevationa  of  10,000  feet  above  the  level  of  the 
aea ;  and  even  deposits  of  the  Miocene  era  have  been  rtuaed  4000  or 
5000  feet,  so  as  to  rival  in  height  the  loftiest  mountains  in  Great 
Britain. 

If  the  reader  will  consult  the  works  of  many  eminent  geologists 
who  have  explored  the  Alps,  especially  those  of  MM.  de  Beaumrait, 
Studer,  Necker,  Bou^  and  Murchison,  he  will  learn  that  they  all 
share,  more  or  less  fully,  in  the  opinions  above  expressed.  It  has, 
indeed,  been  stated  by  MM.  Stoder  and  Hugi,  that  there  are  com- 
plete alternations  on  a  lai^  scale  of  secondary  strata,  containing 
fossils,  with  gneiss  and  other  rocks  of  a  perfectly  metamorphic  stmc- 
ture.  I  have  visited  some  of  the  most  remarkable  localities  referred 
to  by  these  authors  ;  but  altliough  agreeing  with  them  that  there  are 
pasanges  from  the  fossiliferous  to  the  metamorphic  series  far  from  the 
contact  of  granite  or  other  plntonic  rocks,  I  was  unable  to  convince 
myself  that  the  distinct  alternations  of  highly  crystalline,  with  un- 
altered strata  above  alluded  1«,  might  not  admit  of  a  different  ezp[a< 
nation.  In  one  of  the  sections  described  by  M.  Studer  in  the  highest 
of  the  Bernese  Alps,  namely  in  the  Roththal,  a  valley  bordering  Ibe 
line  of  perpetual  snow  on  the  northern  side  of  the  Jungfraa,  there 
occurs  a  mass  of  gneiss  1000  feet  thick,  and  15,000  feet  lon^  which 
I  examined,  not  only  resting  upon,  but  also  again  covered  by  strata 
containing  oolitic  fossils.  These  anomalous  appearances  may  partly 
be  explMned  by  supposing  great  solid  wedges  of  intrusive  gneiu  to 
have  been  forced  in  laterally  between  strata  to  which  I  found  them 
to  be  in  many  sections  unconformable.  The  superposition,  also,  of 
the  gneiss  to  the  oolite  may,  in  some  cases,  be  due  to  a  reversal  of 
the  original  portion  of  the  beds  in  a  region  where  the  convulaiMis 
have  been  on  so  stupendous  a  scale. 

On  the  Sattel  also,  at  the  base  of  the  GestelUhom,  above  Enzen. 
in  the  valley  of  Urbach,  near  Meyringen,  some  of  the  intercalatimu 
of  gneiss  between  fossiliferous  strata  may,  I  conceive,  be  ascribed 
to  mechanical  derangement.  Almost  any  bypotheus  of  rcftea'"! 
changes  of  position  may  be  resorted  to  in  a  region  of  such  ezlra- 
ordinary  confusion.  The  secondary  strata  havtog  first  become  ver- 
ticil, may  then  in  certain  portions  have  become  metamorphic  (the 
plutonic  influence  ascending  from  below),  while  intervening  strata 
remained  unchanged.     The  nhule  series  of  beds  may  then  ajain 
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liAve  been  thrown  iato  a  nearlj  horizontal  poeition,  giving  riee  to 
the  superposition  of  crjatalline  upon  fossil tferous  formations. 

It  was  remnrked,  in  Chap.  XXXIY.,  that  as  the  hypogene  rocks, 
both  stratified  and  iinstratifieii,  cryetollize  originally  at  a  certain 
depth  beneath  the  aurfsce,  they  must  always,  before  they  are  up- 
raised and  exposed  at  the  surface,  be  of  considerable  antiquity, 
relatively  to  a  large  pertion  of  the  fossiliferoua  and  volcanic  rocks. 
They  may  he  forming  at  all  periods  ;  but  before  any  of  them  can 
become  visible,  they  must  be  raised  above  the  level  of  the  sea,  and 
some  of  the  rocks  which  previonsly  concealed  them  must  have  been 
removed  by  denudation. 

In  Canada,  as  we  have  seen  (p.  578.),  the  Lower  Lanrentian 
gneiss,  quartsite,  and  limestone,  may  be  regarded  as  metamorphic, 
because  organic  remains  (Eossoon  Canadeiue)  have  been  detected 
in  a  part  of  one  of  the  calcareous  masses.  Nor  can  we  doubt  that 
the  Upper  Laurentian,  or  Labrador  series,  consisting  of  gneiss, 
with  Labrador-felspar  and  felstones,  in  all  10,000  feet  thick,  have 
assumed  their  crystalline  structure  by  metamorphic  action,  since 
they  lie  in  unconformable  stratification  on  the  Lower  Laurentian. 
The  remote  date  of  the  period  when  some  of  these  old  Laurentian 
strata  of  Canada  were  converted  into  gneiss,  may  be  inferred  from 
the  fact  that  pebbles  of  that  rock  are  found  in  the  overlying  Hu- 
ronian  formation,  which  is  of  Lower  Cambrian  age,  if  not  older 
(p.  578.).  The  oldest  stratified  rock  of  Scotland  is  the  homblendic 
gneiss  of  Lewis,  in  the  Hebrides,  and  that  of  the  north-west  coaal 
of  Rossshire,  represented  at  the  base  of  the  section  given  at  p.  67. 
lig.  90.  It  is  the  same  as  that  intersected  by  numerous  granite 
veins,  which  forme  the  clifie  of  Cape  Wrath,  in  Sutherland  shire 
(see  lig,  743.  p.  704.),  and  is  conjectured  to  be  of  Laurentian  age. 
Above  it,  as  shown  in  MacCulloch's  section  (fig.  90.  p.  67.),  lie 
uncoD  form  able  beds  of  a  reddish  or  purplish  sandstone  and  conglo- 
merate, nearly  horizontal,  and  between  2000  aud  3000  feet  thick. 
In  these  ancient  grits  no  fossils  have  been  found,  but  they  are  sup- 
posed to  be  of  Lower  Cambrian  date,  and  they  certainly  do  not 
belong  to  tlie  Old  Red,  as  was  formerly  supposed,  for  they  have 
been  shown  by  Sir  Roderick  Murchison  to  pass  in  the  North  High- 
lands or  in  the  three  northern  counties  of  Scotland,  nnder  quarts 
rocks,  which,  with  a  subordinate  limestone,  rest  un conformably 
upon  them.  In  this  limestone,  in  1854,  Mr.  Charles  Peach  found 
some  obscure  organic  remains,  which  led  Sir  B.  Murchison  to  insti- 
tute a  searching  inquiry,  and  eventually  to  establish  beyond  all  doubt 
that  the  calcareous  formation  in  question  was  of  Lower  Silurian  age. 
This  was  one  of  the  most  important  steps  made  of  late  years  in  the 
progress  of  British  Geology,  for  it  led  to  a  very  unexpected  conclu- 
sion, namely,  that  all  the  Scotch  crystalline  strata  to  the  eastward, 
once  called  primitive,  which  overlie  the  limestone  and  qaartzite  in 
question,  are  referable  ta  some  part  of  the  Silurian  series.  The 
most  abundant  and  best  preserved  shells  of  the  limestone  are  those 
obtained  from  Durness  and  Assynt.  They  comprise  among  others 
3c 
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tlirefl  or  foar  species  of  Orthoeeras,  also  Uie  genera  Cgrloetra*  and 
Lituilet,  two  species  of  JUurchuonia,  a  I^eurolotitaria,  a  species 
of  Afaelurea,  one  of  Euomphalut,  and  an  Orthit,  Sever*!  cS  the 
species  are  believed  b;  Mr.  Salter  to  be  identical  with  Lower  Silurian 
fossils  of  Canada  and  the  Uuited  States.  The  mere  occarreuce  of 
Cephalopoda  in  such  numbers  is  strongly  af^ainst  the  eapposltion  of 
their  being  Cambrian,  and  the  large  siphuncles  of  some  of  the  Orlbo- 
centa  point  distinctly  to  a  Lower  Silurian  date,  for  this  diTi«ion 
of  the  genu?,  both  in  Europe  and  North  America  (see  p.  561.),  ia 
eminently  characteristic  of  the  inferior  members  of  the  Silarian 
system  (see  above,  p.  561.).  To  the  fossiliferous  rock  above  men- 
tioned, with  its  accompanying  quarteites,  succeed  in  confurmable 
strati ficHtion  a  dense  series  of  gneiss,  raioi-Bchist-a,  and  clay-slatet, 
this  younger  gneiss  being  rery  diflVrent  in  mineral  character  from  the 
fundamental  gneiss  before  mentioned.  There  can  be  no  qaestion 
that  these  crystalline  formations,  which  are  similar  to  those  of  the 
Central  and  Southern  Highlands,  comprising  the  metamorphie 
rocks  of  Aberdeenshire,  Perthshire,  and  Forfarshire,  for  example, 
are  altered  Silurian  strata  ;*  the  inferences  of  Sir  R.  Murehbon 
on  this  subject  having  been  confirmed  by  the  subsequent  obser- 
vations of  three  able  t^eologisls,  Messrs.  Ramsay,  Harkness,  and 
Geikie.  The  newest  of  ihe  aeries  is  a  clay- slate,  on  which,  alon<t 
the  southern  borders  of  the  Grampians,  the  Lower  Old  Red.  con- 
taining Cepkalaspis  Lyelli,  Ptert/goivt  Anglicut,  and  Parka  deei- 
pietu,  rests  unconlbrmably. 

In  Anglesea,  ns  was  before  remarked,  the  metamorphifun  of  the 
schists,  According  to  the  observations  of  Professor  Ramsay,  look 
place  during  the  Lower  Silurian  period.  Coupling  these  condo- 
sions  with  the  fiict  thst  a  hypogene  texinre  has  been  superinduced 
in  the  Alps  on  Middle  Koceae  deposits  (see  p.  737.),  we  cannot 
doubt  thai,  hereafter,  geologists  will  succeed  in  detecting  crystalline 
schists  of  almost  every  age  in  the  chronologicnl  series,  alllioitgrh  the 
quantity  of  metsmorpbic  rocks  visible  at  the  eurfHce  inni>t,  for 
rensons  above  explained,  diminish  rapidly  in  proportion  as  the 
monuments  of  newer  eras  are  investigated. 

Order  ofsucceision  in  metamorphie  rockt. — There  is  no  Dniversal 
and  inrRriiible  order  of  superposition  in  metamorphie  rocks,  altboDgb 
a  particular  arrangement  mny  prevail  throuKhout  countries  of  great 
extent,  for  the  same  reason  that  it  is  traceable  in  ihoee  sedimentary 
formations  from  which  crystalline  strata  are  derived.  Thus,  ftr 
example,  we  have  seen  that  in  the  Apennines,  near  Carrara,  the  de- 
scending series,  where  it  is  metamorphie,  consists  of,  1st,  sacchariae 
marble ;  2ndly,  tiilcose-FChist ;  and  3rdly,  of  qusrtE-rock  and  gneis: 
where  unaltered,  of  1st,  fussiliferous  limestone  ;  2ndly,  afaale;  anl 
Srdly,  sandstone. 

But  if  we  investigate  different  mountain  chains,  we  find  goesr, 

*  Qaut.  OeoL  Jonm.,  voL  sr.  p.  353.,  189S.    Siloria,   Sid  ed.,   A^endu. 
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mica-Bohist,  hornblende- schist,  chlorite' schist,  hjpogene  limestone, 
and  other  rocbfi,  sncceeding  each  otlier,  and  alternating  with  each 
other  in  ever}'  possible  order.  It  is,  indeed,  more  common  to  meet 
with  Rome  variety  of  clay-slate  forming  the  uppermost  member  of  a 
netamorphic  series  than  any  other  rock  ;  but  this  fact  by  no  means 
implies,  aa  some  have  imagined,  that  all  clay-slates  were  formed  at 
the  close  of  an  imaginary  period,  when  the  deposition  of  the  crys- 
talline strata  gave  way  to  that  of  ordinary  sedimentary  deposits. 
Such  clay-slates,  in  fact,  are  variable  in  composition,  and  sometimes 
alternate  with  fossiliferoas  strata,  so  that  they  may  be  said  to  belong 
almost  equally  to  the  sedimentary  and  melamorphic  order  of  rocks, 
it  is  probable  that  had  they  been  subjected  to  more  intense  plutonic 
action,  they  would  have  been  transformed  into  horn  blende-schist, 
foliated  chlorite-schist;  scaly  talcose-schist,  mica-schist,  or  other 
more  perfectly  crystalline  rocks,  such  as  are  usually  associated  with 
gneiss. 

Uniformity  of  mineral  character  in  Byjtogene  Roeki. — It  is  most 
true,  as  Humboldt  has  happily  remarked,  that  when  we  pass  to 
another  hemisphere,  we  see  new  forms  of  animals  and  plants,  and 
even  new  constellations  in  the  heavens ;  but  in  the  rocks  we  still 
recoguice  our  old  acquaintances, — the  same  granite,  the  same  gneiss, 
the  same  micaceous  schist,  quartz-rock,  and  the  rest  There  is 
certainly  a  great  and  striking  general  resemblance  in  the  principal 
kinds  of  hypogene  rocks  in  all  countries,  however  different  their 
ages ;  bnt  each  of  them,  as  we  have  before  peen,  must  be  regarded 
Hs  geological  families  of  rocks,  and  not  as  definite  mineral  com- 
pounds. They  are  more  uniform  in  aspect  than  sedimentary  strata, 
becHuse  these  last  are  often  composed  of  fragments  varying  greatly 
in  form,  size,  and  colour,  and  contain  fossils  of  different  shapes  and 
mineral  composition,  ond  acquire  a  variety  of  tints  from  the  mixture 
of  various  kinds  of  sediment  The  materials  of  such  strata,  if 
melted  and  made  to  crystallize,  would  be  subject  to  chemical  laws, 
simple  and  uniform  in  their  action,  the  same  in  every  climate,  and 
-wholly  undisturbed  by  mechanical  and  organic  causes. 

It  wonid,  however,  be  a  great  error  to  assume,  as  some  have  done, 
that  the  hypogene  rocks,  considered  as  ^gregates  of  simple  minerals, 
are  really  more  homogeneous  in  their  composition  than  the  several 
racntbers  of  the  sedimrntary  series.  In  the  first  place,  diflPerent  as- 
semblages of  hypogene  rocks  occur  in  different  countries ;  and, 
secondly,  in  any  one  district,  the  rocks  which  pass  under  the  same 
name  are  often  extremely  variable  in  their  component  ingredients, 
or  at  least  in  the  proportions  in  which  each  of  these  are  present 
Thus,  for  example,  gneiss  and  mica-schist,  so  abundant  in  the 
Grampians,  are  wanting  in  Cumlierland,  Wales,  and  Cornwall;  in 
parts  of  the  Swiss  and  Italian  Alps,  the  gneiss  and  granit«  are 
talcose,  and  not  micaceous,  as  in  Scotland  ;  hornblende  prevails  in 
the  granite  of  Scotland — schorl  in  that  of  Cornwall — albite  in  the 
plutonic  rocks  of  the  Andes — common  felspar  in  those  of  Europe. 
In  one  part  of  Scotland,  the  mica-scbist  is  full  of  garnets  i  inanother 
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it  is  wbolly  devoid  of  tliem ;  while  in  Soutli  America,  according  to 
Mr.  Darwin,  it  ia  the  gneiss,  and  DOt  the  mica-echist,  which  is  mo$t 
commonl}'  garnetiferous.  And  not  011I7  do  the  proportional  quanti- 
ties of  felspar,  quartz,  mica,  hornblende,  and  other  minerals,  vary  in 
hypogene  rocks  bearing  the  same  name ;  but,  what  is  still  more  im- 
portant, the  ingredients,  as  we  have  seen,  of  the  same  simple  mineral 
are  not  always  constant  (see  p.  S90.,  and  Tabic,  p.  102.). 

The  Metamorphic  strata,  toky  his  calcareous  than  the  Fottiliferotis. 
— It  has  been  remarked,  that  the  quantity  of  calcareous  matter  in 
metamorphic  strata,  or,  indeed,  in  the  hjpogene  formations  generallv, 
is  far  less  than  in  fossiliferous  deposits.  Thus  the  crystalline  schists 
of  the  Eastern  and  Southern  Grampians  in  Scotland,  consisting  of 
gneiss,  mica-schist,  hornblende-sob  is  t,  and  other  rocks,  many  thou- 
sands of  yards  in  thickness,  contain  an  exceedingly  small  proportion 
of  intei'stratified  calcareous  beds,  although  these  hare  been  the 
objects  of  careful  search  for  economical  purposes.  Tet  limestone  is 
not  wanting  even  in  the  Southern  Grarapiana,  in  Pertljahire  and 
Forfarshire,  for  example,  and  it  is  associated  aometimea  with  gneiss, 
sometimes  with  mica-schist,  and  in  other  places  with  other  members 
of  the  metamorphic  series.  Where  limestone  occurs  abundantly,  as 
at  CaiTara,  and  in  parts  of  the  Alps,  in  connection  with  hypogene 
rocks,  it  usually  forms  one  of  the  superior  members  of  the  crysialUne 
group.  The  limestones  of  the  Lower  Laurentian  in  Canada,  consist- 
ing of  several  distinct  bands,  one  of  them  containing  Eoxoan  Cana- 
dttue,  and  of  great  thickness  {from  700  to  1500  feet),  afford  a  re- 
markable exception  to  the  general  rule.  In  this  instance,  however, 
augite,  serpentine,  and  various  other  minerals  are  lu^ely  iotennixed 
with  the  carbonate  of  lime. 

The  general  scarcity  of  carbonate  of  lime  in  the  platonic  and 
metamorphic  rocks  seems  to  be  the  result  of  some  general  cause. 
So  long  as  the  hypogene  rocks  were  believed  to  have  origiaated  ante- 
cedently to  the  creation  of  organic  beings,  it  vras  ea^y  to  impute  the 
absence  of  lime  to  the  non-e ni^ ten ce  of  those  molluscaand  zoophytes 
by  which  shells  and  corals  are  secreted ;  but  when  we  ascribe  the 
crystalline  formations  to  plutonic  action,  it  is  natural  to  inquire 
whether  this  action  itself  may  not  tend  to  expel  carbonic  acid  and 
lime  from  the  materials  which  it  reduces  to  fusion  or  semi-fusion. 
Although  we  cannot  descend  into  the  subterranean  regions  wher^ 
volcanic  heat  ia  developed,  we  can  obaei've  in  regions  of  spent  vol- 
canos,  such  as  Auvergne  and  Tuscany,  hundreds  of  springs,  both  cold 
and  thermal,  flowing  out  from  granite  and  other  rocks,  and  hftvin^ 
their  waters  plentifully  charged  with  carbonate  of  lime.  The  qiuui- 
tity  of  calcareous  matter  which  these  springs  transfer,  in  the  Koam 
of  ages,  from  the  lower  parts  of  the  earth's  crust  to  the  superior  cr 
newly  formed  parts  of  the  same,  must  be  considerable.' 

If  the  quantity  of  siliceous  and  aluminous  ingredients  brought  up 
by  such  springs  were  great,  instead  of  being  utterly  iasignificant,  it 

*  See  Principles  of  Geolc^,  by  the  Antbor,  /M^er,  "CalcaraouSpriag^* 
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might  be  contended  that  the  mineral  matter  thus  expelled  implies 
simplj  the  decompoBition  of  otdinarj  subterranean  rocks ;  but  the  pro- 
digious excess  of  carbonate  of  lime  over  every  other  substance  must, 
in  the  course  of  time,  cause  the  crust  of  the  earth  below  to  be  almost 
entirely  deprived  of  its  calcsJ-eous  constituents,  while  we  know  that 
the  same  action  imparts  to  newer  deposits,  ever  forming  in  seas  and 
lakes,  an  excess  of  carbonate  of  lime.  Calcareous  matter  is  poured 
into  these  lakes  and  the  ocean  by  a  thousand  springs  and  riTers;  so 
that  part  of  almost  every  new  calcareous  rock  chemically  precipitated, 
and  of  many  reefs  of  shelly  and  coralline  stone,  must  be  derived  from 
mineral  matter  subtracted  by  plutonic  agency,  and  driven  up  by  gaa 
and  steam  from  fused  and  heated  rocks  in  the  bowels  of  the  earth. 

Not  only  carbonate  of  lime,  but  also  free  carbonic  acid  gas,  is  given 
off  plentifully  from  the  soil  and  crevices  of  rocks  in  regions  of  active 
and  spent  volcanos,  as  near  Naples  and  in  Auvergne.  By  this  pro- 
cess, fossil  shells  or  corals  may  often  lose  their  carbonic  acid,  and  the 
residual  lime  may  enter  into  the  composition  of  augite,  hornblende, 
garnet,  and  other  hypogene  minerals.  That  the  removal  of  the  cal- 
careous matter  of  fossil  shells  is  of  frequent  occurrence,  is  proved 
by  the  fact  of  such  organic  remains  being  often  replaced  by  silex 
or  other  minerals,  and  sometimes  by  ihe  space  once  occupied  by  tlie 
fossil  being  left  empty,  or  only  marked  by  a  faint  impression.  We 
ought  not  indeed  to  marvel  at  the  general  absence  of  organic  re- 
mains from  the  crystalline  etrnta,  when  we  bear  in  mind  how  often 
fossils  are  obliterated,  wholly  or  in  part,  even  in  tertiary  formations 
— how  often  vast  masses  of  sandstone  and  shale,  of  diiTerent  ages, 
and  thousands  of  feet  thick,  are  devoid  of  fossils — how  certain  strata 
may  first  have  been  deprived  of  a  portion  of  their  fossils  when  they 
became  semi-crystailine,  or  assumed  the  traniition  state  of  Werner 
— and  how  the  remaining  portion  may  have  been  eSaced  when  they 
were  rendered  metamorphic.  Rocks  of  the  last-mentioned  class, 
moreover,  have  sometimes  been  exposed  again  and  again  to  renewed 
[ilu tonic  action. 
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mNZRAI.  TXINS. 

Wemer'B  doetrin«  AM  miner*!  ▼efni  were  flsmres  filled  ftna  abore — V«iM  tl 
KtgngtiiOB — Ordiouj  meLalliferoni  vein>  or  lodea — Hair  fi«qnenl  osincadcnee 
with  faoltB — Proob  thM  thej  ociginued  in  fiuures  in  tolid  rock — Veini  «tiiHitig 
other  Teini — Foliihing  of  their  wolli  or  "  ilicken-rides." — ShelU  and  peUile*  a 
lodd — ETideoM  of  the  eaccesaiTe  enlargement  and  reopening  of  Tcini  — 
Foomet'i  obserrationt  in  AoTergne  —  Dimenaions  of  reina  —  Wbj  sotDB  alier- 
uatcl;  (well  ont  and  contract  —  Filling  of  lodea  bjr  mbliniation  front  bcktw— 
Chemical  and  electrical  action — Selalire  age  of  iha  pieciooe  metals — Copp* 
•od  lead  vebii  in  Ireland  dder  than  Comieh  tin — Lead  vein  in  liai,  GUmOiEaii- 
■hire — Gold  in  Rnuia,  California,  and  Australia, —  Connaction  of  hot  sphn^s 
and  mineral  T«ini — Cooclading  remarks. 

The  maimer  in  which  metallic  substances  are  distribnted  through  die 
earth'a  crust,  and  more  especially  the  phenomena  of  thoae  nearl/ 
vertical  and  tabular  masses  of  ore  called  mineral  veins,  &om  vrhicli 
the  larger  part  of  the  precious  metab  used  hj  man  are  obtained, — 
theae  are  subjects  of  the  highest  practical  importance  to  the  miner, 
and  of  no  lees  theoretical  interest  to  the  geologist. 

The  Tiews  entertained  respecting  metaltiferoua  veins  have  been 
modified,  or,  rather,  have  undergone  an  almost  complete  revolatiMi, 
since  the  middle  of  the  last  centurj,  when  Werner,  as  director  of  the 
School  of  Mines,  at  Freiburg  in  Saxony,  flret  attempted  to  generaliie 
the  facts  then  known.  He  taught  that  mineral  veins  had  originallj 
been  open  fissures  which  were  gradually  filled  np  with  CTystallioe 
and  metallic  matter,  and  that  many  of  them,  after  b^ng  once  filled, 
had  been  again  enlai^ed  or  reopened.  He  also  pointed  out  that  v^ns 
thus  formed  are  not  all  referable  to  one  era,  bot  are  of  varions  geo- 
l<%ical  dales. 

Such  opinions,  although  slightly  hinted  at  by  earlier  writors,  had 
never  before  been  generally  received,  and  their  announcement  bj  one 
of  high  authority  and  great  experience  constituted  an  era  ia  tbe 
edence.  Nevertheless,  I  have  shown,  when  tracing,  in  another  work, 
tbe  history  and  progress  of  geology,  that  Werner  was  far  behind  stHoe 
of  his  predecessors  in  his  theory  of  the  volcanic  rocks,  and  lees  co- 
lightened  than  bis  contemporary.  Dr.  Hutton,  in  his  speculaUons  as  to 
the  origin  of  granite.*  According  to  him,  the  plntonic  formatitHM,  »s 
well  as  the  crystalline  schists,  were  substances  precipitated  from  ■ 
chaotic  fluid  in  some  primeval  or  nascent  condition  of  the  plaoel : 

*  rtiiiciplca  of  Gcol<>gy,  chap,  iv. 
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and  the  metah,  therefore,  being  cloaelj  connected  witli  them,  had 
partaken,  according  to  him,  of  a  like  mysterious  origin.  He  also 
held  that  the  trap  rocks  were  aqueous  deposits,  and  that  dikes  of  por- 
phyry,  greenstone,  and  basalt,  were  fissures  filled  with  their  aeveral 
contents  from  above.  Hence  he  naturally  inferred  that  mmeral  veins 
had  derived  their  componeiit  materials  from  an  incumbent  ocean, 
rather  than  from  a  subterranean  source ;  that  these  materials  had 
been  first  dissolved  in  the  waters  above,  instead  of  having  risen  up 
hy  sublimation  from  lakes  and  seas  of  igneous  matter  below. 

In  proportion  as  the  hTpothesis  of  a  primeval  fluid,  or  "chaotic 
menstmum,"  was  abandoned,  in  reference  to  the  plutonic  formations, 
and  when  all  geologists  hod  come  to  be  of  one  mind  as  to  the  true 
relation  of  the  volcanic  and  trappean  rocks,  reasonable  hopes  began 
to  be  entertained  that  the  phenomena  of  mineral  veins  might  be 
explained  by  known  cftuses,  or  by  chemical,  thermal,  and  electrical 
agency  still  at  work  in  the  interior  of  the  earth.  Tlie  grounds  of 
this  conclusion  will  be  better  understood  when  the  geological  facts 
brought  to  light  by  mining  operations  have  been  described  and 
explained. 

On  different  kindt  of  mineral  veins. — Every  geologist  is  fami- 
liarly acquainted  with  those  veins  of  quartz  which  abound  in  hypogene 
fltrata,  forming  lenticular  masses  of  limited  extent  They  are  some- 
times observed,  also,  in  sandstones  and  shales.  Veins  of  carbonate 
of  lime  ftre  equally  common  in  fbssiliferouB  rocks,  especially  in  lime- 
stones. .Such  veins  appear  to  have  once  been  chinks  or  sm^  cavities, 
caused,  like  cracks  in  clay,  by  the  shrinking  of  the  mass,  which  has 
consolidated  from  a  fiuid  state,  or  has  simply  contracted  its  dimensions 
in  passing  from  a  higher  to  a  lower  temperature.  Siliceous,  calca- 
reous, and  occasionally  metallic  matters  have  sometimes  found  their 
way  simnltaneously  into  such  empty  spaces,  by  infiltration  &om  the 
Burrounding  rOcks,  or  by  segregation,  as  it  is  often  termed.  Mixed 
with  hot  water  and  steam,  metallic  ores  may  have  permeated  a  pasty 
matrix  until  they  reached  those  receptacles  formed  by  shrinkage,  and 
thus  gave  rise  to  that  irregular  assemblage  of  veins,  called  by  the 
Germans  a  "  stockwerk,"  in  allusion  to  the  different  floors  on  which 
the  mining  operations  are  in  such  cases  carried  on. 

The  more  ordinary  or  regular  veins  are  usually  worked  in  vertical 
shafts,  and  have  evidently  been  fissures  produced  by  mechanical 
violence.  They  traverse  all  kinds  of  rocks,  both  hyp<^ne  and 
fossiliferous,  and  extend  downwards  te  indefinite  or  unknown  depths. 
We  may  assume  that  they  correspond  with  such  rents  as  we  see 
caused  from  time  to  time  by  the  shock  of  an  earthquake.  Metal- 
liferous veins,  referable  to  such  agency,  are  occasionally  a  few  inches 
wide,  but  more  commonly  3  or  4  feet.  They  hold  their  course  con- 
tinuously in  a  certain  prevailing  direction  for  miles  or  leagues, 
passing  through  rocks  varying  in  piineral  composition. 

7%a'  outaUiferotta  veim  vierefiuttm. — As  some  intelligent  miners, 
after  an  atteutire  study  of  metalliferous  veins,  have  bean  unable  to 
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reconcile  many  of  their  char&ctemlics  vrith  the  hjpotheda  of  fiasares 
I  ah&ll  begin  b;  stating 
^'•■'**-  the  evidence  in  its  fa- 

vour. The  most  striking 
fact  perhaps  which  can 
be  Adduced  in  its  sup- 
port is,  the  eointddence 
of  a  consideFable  pro- 
portioR  of  mineral  van* 
ynihfaaits,  or  those  dis- 
locHtions  of  rocks  which 
are  iodisputablj  due  to 
mechanical  force,  k 
above  exphuned  (p.  61. ). 
There  are  even  proofs 
in  almost  every  mining 
district  of  a  succession 
of  faults,  by  which  the 
opposite  walls  of  rents, 
now  the  receptacles  of 
metallic  subBtanees,haTe 
suffered  displacement. 
Thus,  for  example,  sup- 
pose aa,  fig.  762,  to  be 
a  tin  lode  in  Cornwall, 
the  term  lode  being  ap- 
plied to  veins  coutani- 
ing  metallic  ores.  This 
lode,  running  east  and 
west,  is  a  yard  widf, 
and  is  shifted  by  a 
copper  lode  (AS),  of 
similar  width. 

The  first  fissore  {a  a) 
baa  been  filled  with 
various  materials,  partly 
R-dnrtb.  com-ii.  "f  chemical  origin,  sncii 
as  quartt,  fluor-spar, 
peroxide  of  tin,  sulphuret  of  copper,  arsenical  pyrites,  bismuth,  and 
sulphuret  of  nickel,  and  partly  of  mechanical  origin,  comprising  clay 
and  angular  fragments  or  detritus  of  the  intersected  rocks.  Hie 
plates  of  quartz  and  the  ores  are,  in  some  places,  parallel  to  the  ver- 
tical sides  or  walls  of  the  vein,  being  divided  from  each  other  hf 
alternating  layers  of  clay,  or  other  earthy  matter.  Occasionally  the 
metallic  ores  are  disseminated  in  detached  masses  among  the  vein- 
stones. 

It  is  clear  that,  after  the  gradual  introduction  of  the  tin  and  other 
substances,  the  second  rent  (A  b)  was  produced  by  another  fractura 
accompanied  by  a  displacement  of  the  rocks  along  the  plane  of  i  i. 
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^RiIb  new  iq>eniiig  was  then  filled  with  miaerals,  botdc  of  them  re- 
sembling thoae  in  a  a,  as  finor-epar  (or  fluate  of  lime)  and  quartz  ; 
others  different,  the  copper  being  plentiful  and  the  tin  wanting  or 
very  scarce. 

We  must  next  suppose  the  shock  of  a  third  earthquake  to  occur, 
breaking  asunder  all  the  roeks  along  the  line  c  c,  &g.  76S. ;  the 
fissure,  in  this  instance,  being  only  6  inches  wide,  and  simply  filled 
with  clay,  derived,  probablj,  &om  the  friction  of  the  walls  of  the 
rent^  or  partly,  perhaps,  washed  in  from  above.  This  new  move- 
ment has  heaved  the  rock  in  such  a  manner  as  to  interrupt  the  con- 
tinui^  of  the  copper  rein  (6  6),  and,  at  the  same  time,  to  shift  or 
lieave  laterallj  in  the  same  direction  a  portion  of  the  tin  vein  which 
hod  not  previonsly  been  broken. 

Again,  in  fig.  764.  wa  see  evidence  of  a  fourth  fissure  (d  d),  also 
filled  with  clay,  which  has  cut  through  the  tin  vein  (a  a),  and  has 
lifted  it  slightly  upwards  towards  the  south.  The  various  changes 
here  represented  are  not  ideal,  but  are  exhibited  in  a  section  obtained 
in  working  an  old  Cornish  mine,  long  since  abandoned,  in  the  parish 
of  Redruth,  called  Huel  Feever,  and  described  both  bj  Mr.  Williams 
and  Mr.  Came.*  The  principal  movement  here  referred  to,  or  that 
of  c  e,  fig.  764.,  extends  through  a  space  of  no  less  than  84  feet;  but 
in  this,  as  in  the  case  of  the  other  three,  it  will  be  seen  that  the 
outline  of  the  country  above,  d,  c,  b,  a,  &C.,  or  the  geographical 
features  of  Cornwall,  are  not  affected  by  any  of  the  dislocations,  a 
powerful  denuding  force  having  clearly  been  exerted  subsequently 
to  all  the  faults.  (See  above,  p.  69.)  It  is  commonly  said  in  Corn- 
wall, that  there  are  eight  distinct  systems  of  veins  which  can  in  like 
manner  be  referred  to  as  many  successive  movements  or  fractures  ; 
and  the  German  miners  of  the  Hartz  Mountains  speak  also  of  eight 
B^tems  of  veins,  referable  to  as  many  periods. 

Besides  the  proofs  of  mechanical  action  already  explained,  the 
opposite  walls  of  veins  are  often  beautifully  polished,  as  if  glased, 
and  are  not  unfreqnently  striated  or  scored  with  parallel  furrows  and 
ridges,  such  as  would  be  produced  by  the  continued  rubbing  together 
of  surfaces  of  unequal  hardness.  These  smoothed  surfaces  resemble 
the  rocky  floor  over  which  »  glacier  has  passed  (see  fig.,  p.  139). 
They  are  common  even  in  cases  where  there  has  been  no  shift,  and 
occur  equally  in  non-metalliferous  fissures.  They  are  called  by 
miners  "  slicken-sides,"  from  the  German  tehUchten,  to  plane,  and  leite, 
side.  It  is  supposed  that  the  lines  of  the  strite  indicate  the  direction 
in  which  the  rocks  were  moved.  During  one  of  the  minor  earth- 
quakes in  Chili,  which  happened  about  the  year  1840,  and  was  de- 
scribed  to  me  by  an  eye-witness,  the  brick  walls  of  a  building  were 
rent  vertically  in  several  places,  and  made  to  vibrate  for  several 
minutes  during  each  shock,  after  which  they  remained  uninjured, 
and  without  any  opening,  although  the  line  of  each  crack  was  still 
visible.     When  all  movement  had  ceased,  there  were  seen  on  the 

*  a«oL  Tmii,  vol.  W.  p.  l,<l9.tTniu.Eoy.GeoL  Society, Cornwall,  ToLiL  p. 90. 
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floor  of  tiie  honM,  M  tbe  bottom  of  each  ratl^  small  henpa  of  fine 
brickdust,  evidently  produced  b^  triturmdon. 

In  some  of  tho  veins  io  the  mountkin  limestone  of  D«rb7Bhir^  eon- 
taining  lead,  the  Tern-stuff,  which  is  nearlj  comp&ct,  is  occMJonally 
traversed  by  what  m&y  be  called  a  Tertical  crack  pasaiiig  down  the 
middle  of  the  vein.  The  two  faces  in  contact  are  sliaken-flide^  wdl 
polished  and  fluted,  and  sometimes  covered  bj  a  thin  coating  of  lead- 
ore.  When  one  side  of  the  vein-stuff  is  removed,  the  other  side  entkM, 
especiallj'  if  small  holes  be  made  in  it,  and  fragments  Aj  off  with 
loud  explosions,  and  continue  to  do  so  for  some  daja.  Tbn  miner, 
availing  himself  of  this  mrcumstance,  makes  with  his  pick  small 
holes  about  6  inches  apart,  and  4  inches  deep,  and  od  his  retnm  in  a 
few  hours  finds  every  part  ready  broken  to  his  hand.*  Theee  i^eno- 
meiia  and  their  cau^s  (probably  connected  with  electrical  action) 
seem  scarcely  to  have  attracted  the  notice  which  they  deaerre. 

That  a  great  many  veins  commnnicated  originiJly  with  the  Borfitce 
of  the  country  above,  or  with  the  bed  of  the  sea,  is  proved  by  tha 
occarrence  in  them  of  well-rounded  pebbles,  agrenng  with  those  in 
Buperflcial  alluviums,  as  in  Auvei^ne  and  Saxony.  In  Bobemi^ 
such  pebbles  have  been  met  with  at  the  depth  of  180  fathoms,  la 
Cornwall,  Mr.  Came  mentions  true  pebbles  of  quartz  and  slate  in  » 
tin  lode  of  the  Relistran  Mine,  at  the  depth  of  600  feet  below  the 
surface.  Thoy  were  cemented  by  oxide  of  tin  and  bisnlphorei  cf 
copper,  and  were  traced  over  a  space  more  than  12  feet  long  and  aa 
many  widc.^  Marine  fossil  shells,  also,  have  been  found  at  great 
depths,  having  probably  been  engulphed  during  submarine  earth- 
quakes. Thus,  a  gryphva  is  stated  by  M.  Yirlet  to  have  been  met 
with  in  a  lead-mine  near  Sdmnr,  in  France,  and  a  madrepore  in  a 
compact  vein  of  cinnabar  in  Hnngary.f 

When  different  sets  or  systems  of  veins  occur  in  the  same  conntfy, 
those  which  are  supposed  to  be  of  contemporaneous  origin,  and  which 
are  filled  with  the  same  kind  of  metals,  often  maintain  a  general 
panJlelism  of  direction.  Thus,  for  example,  both  the  tin  and  coppei 
veins  in  Cornwall  run  nearly  east  and  west,  while  the  le*d-TQins  ntn 
north  and  south ;  but  there  is  no  general  law  of  direction  common  to 
different  mining  districts.  The  parallelism  of  the  vesns  is  anothn 
reason  for  regarding  them  as  ordinary  fissures,  for  we  observe  that 
contemporaneous  trap  dikes,  admitted  by  all  to  be  masses  of  melted 
matter  which  have  filled  rents,  tu«  often  paralleL  Assoming,  then, 
that  veins  are  simply  fissures  in  which  chemical  and  mechanical 
deposits  have  accumulated,  we  may  next  consider  the  proofs  of  tb^r 
having  been  filled  gradually  and  often  during  successive  enlarge- 
ments. I  have  already  spoken  of  parallel  layers  of  clay,  quarts,  utd 
ore.  Werner  himself  observed,  in  a  vein  near  Gersdorff,  in  Saxony, 
no  less  than  thirteen  beds  of  different  minerals,  arranged  with  the 
utmost  regularity  on  each  side  of  the  central  layer.    This  layer  was 

■  Conjb.  and  FhiL  OeoL  p.401.i  and  t  FoamM,  ^des  ma  k*  Dfpta 
f  «r«y'i  Derbjsb.  p.  343.  MeullUkta. 
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formed  of  two  plntes  of  CHlcareous  spar,  which  bad  ev  idently  lined 
the  opposite  walls  of  a  verticnl  ciivity.  The  thirteen  beda  followed 
each  otber  in  corresponding  order,  consiating  of  fluor-spar,  beavy 
spar,  galena,  &c.  Jn  tbese  CRHes  tbe  central  mass  has  been  last 
formed,  and  the  two  plates  which  coat  the  walls  of  the  rent  on  eacb 
fide  are  the  oldest  of  all.  If  they  consist  of  crystalline  preci  pi  tmes, 
ihey  nmy  be  explained  by  supposing  tbe  Assure  to  have  remained 
unaltered  in  its  dimensions,  while  a  aeries  of  changes  occurred  iu 
ibe  nature  of  the  solutions  which  rose  up  from  below  ;  but  such  14 
mode  of  deposition,  in  ibe  cuss  of  many  succeasive  and  pamllel 
Uyers,  appears  to  be  execpiioniil. 

If  a  veinstone  consist  of  cry.-talline  matter,  tbe  points  of  the 
crystals  are  always  turned  inwardH,  or  towanla  the  centre  of  the 
vein  i  in  other  words,  they  point  in  the  direction  where  there  was 
space  for  the  development  of  ibe  crystals.  Thus  eacb  new  layer 
receives  tbe  impreasiou  of  the  crystals  of  the  preceding  layer,  and 
imprints  its  crystals  on  the  one  which  follows,  until  at  length  tlie 
whole  of  the  vein  is  tilled  :  tbe  two  layers  which  meet  dovetail  tbu 
points  of  their  crystals  the  ozic  into  the  other.  Hut  iu  Cornwall,  somo 
lodes  occur  where  the  vertical  plates,  or  combf,  as  tliey  are  there 
called,  exhibit  crystals  eo  dovetailed  as  to  prove  that  tlie  same  Rssuru 
bikslbeen  ofitn  enlarged.  Sir  H.  De  la  Becbe  gives  the  Ibllowing 
a  and  instructive  example  (fig.  762.)  front  a  copper-mine  in 
rif. ;». 


granite,  near  EedrutH."  Each  of  the  plates  or  combs  (a,  i,  c,  rf,  e, 
f)  is  double,  having  the  points  of  their  crystals  turned  inwards 
along  the  axia  of  the  comb.  The  sides  or  walls  (2,  3,  4,  5,  and  6) 
are  parted  by  a  thin  covering  of  ochreous  clay,  so  that  each  comb 
is  readily  separable  from  another  by  a  moderate  blow  of  tbe  bammer. 
Tlie  breadth  of  each  represents  tbe  whole  width  of  the  fi>sure  at  six 
Buccessive  periods,  and  the  outer  walls  of  the  vein,  where  the  first 
narrow  rent  was  formed,  consisted  of  the  granitic  surfaces  1  and  7. 
A  somewhat  analogous  interpretation  is  applicable  to  many 
other  cases,  where  clay,  aand,  or  angular  detritus,  alternate  with 
ores  and  veinstones.  Thus,  we  may  imagine  the  aides  of  a  fissure 
to  be  encrusted  with  siliceous  matter,  as  Von  Duch  observed,  in  Lau- 
cerote,  the  walU  of  a  volcanic  crater  formed  in  1731  to  be  traverseil 
by  an  opea  rent  in  which  hot  vapours  had  deposited  hydrate  of 
*  Geol.  Bep.  on  Coratrall,  p.  3t0. 
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ailica,  the  incrustation  nearlj  extending  to  tbe  middle.*  Sacli  ■ 
vein  may  then  be  filled  with  clay  or  sand,  and  afterwards  re-opene^ 
the  new  rent  dividing  the  argillaceous  deposit,  and  allowing  a 
quantity  of  rubbish  to  fall  down.  Various  metals  and  spars  may 
then  be  precipitated  from  aqueous  solutions  among  the  interstices  ot 
this  het«rogeneous  mass. 

That  such  changes  have  repeatedly  occurred,  is  demonstrated  by 
occasional  cross-voins,  implying  the  oblique  fracture  of  previously 
formed  chemical  and  mechanical  deposits.  Thus,  for  example, 
M.  Foumet,  in  his  description  of  some  mines  in  Auvergne  worked 
under  his  superintendence,  observes  that  the  granit«  of  that  country 
was  first  penetrated  hy  Teins  of  granite,  and  then  dislocated,  so  that 
open  rents  crossed  both  the  granite  and  the  granitic  veins.  Into 
such  openings,  qnartK,  accompanied  by  snlphurets  of  iron  and  ar- 
senical pyrites,  was  introduced.  Another  convulsion  then-  burst 
open  the  rocks  along  the  old  line  of  fracture,  and  the  first  set  of 
deposits  were  cracked  and  often  shattered,  so  that  the  new  rent  was 
tilled,  not  only  with  angular  fragments  of  the  a^oining  rocks,  but 
with  pieces  of  the  older  veinstones.  Polished  and  striated  snrfaces 
on  the  sides  or  in  the  contents  of  the  vein  also  attest  the  reality  of 
these  movements.  A  new  period  of  repose  then  ensued,  during 
which  various  sulphurets  were  introduced,  together  with  homstone 
quartz,  by  which  angular  fragments  of  the  older  quartz  before 
mentioned  were  cemented  into  a  breccia.  This  period  was  followed 
by  other  dilatations  of  the  same  veins,  and  other  sets  of  mineral 
deposits,  until,  at  last,  pebbles  of  the  basaltic  lavas  of  Auvet^oe, 
derived  from  superficial  alluviums,  probably  of  Miocene  or  oldrr 
Pliocene  date,  were  swept  into  the  veins.  I  have  not  space  to 
enumerate  all  the  changes  minutely  detailed  by  M.  Foumet,  but 
they  are  valuable,  both  to  the  miner  and  geologist,  as  showing  how 
the  supposed  signs  of  violent  catastrophes  may  be  the  monuments, 
not  of  one  paroxysmal  shock,  but  of  reiterated  movements. 

Such  repeated  enlargement  and  re-opeuing  of  veins  might  have 
been  anticipated,  if  we  adopt  the  theory  of  fissures,  and  reflect  bow 
few  of  them  have  ever  been  sealed  up  entirely,  and  that  a  country 
with  fissures  only  partially  filled  must  naturally  offer  mucb  feebler 
resistance  along  the  old  lines  of  fracture  than  anywhere  else.  It  is 
quite  otherwise  in  the  case  of  dikes,  where  each  opening  has  been 
the  receptacle  of  one  continuous  and  homogeneous  mass  of  melted 
matter,  the  consolidation  of  which  has  taken  place  under  consi- 
derable pressure.  Trappean  dikes  can  rarely  fail  to  strengthen  tbe 
rocks  at  the  points  where  before  they  were  weakest;  and  if  the  up- 
heaving force  is  again  exerted  in  the  same  direction,  the  crust  of  the 
earth  will  give  way  anywhere  rather  than  at  the  precise  points 
where  the  first  rents  were  produced. 

A  large  proportion  of  metalliferous  veins  have  their  oppo^t«  walls 
nearly  parallel,  and  sometimes  over  a  wide  extent  of  country.    Thei* 

•  Principle!,  ch.  ssvii  8th  ed.  p.  4S2. 
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is  a  fine  example  of  this  ia  the  celebrated  rein  of  Andreasburg  In 
the  Hartz,  which  has  been  worked  for  a  depth  of  SOO  ^ards  perpen- 
dicniarlj,  and  200  horizontally,  retaining  almost  ever;  where  a 
width  of  3  feet.  But  many  lodes  in  Cornwall  and  elsewhere  are 
extremely  variable  in  size,  being  1  or  2  inches  in  one  part,  and  thes 
8  or  10  feet  in  another,  at  the  distance  of  a  few  &thoms,  and  then 
again  narrowing  aa  before.  Sncb  alternate  swelling  and  contraction 
is  BO  often  characterietdc  aa  to  require  explanation.  The  walls  of 
fissures  in  general,  observes  Sir  H.  De  la  Beche,  are  rarely  perfect 
planes  throughout  their  entire  course,  nor  could  we  well  expect 
them  to  be  so,  since  they  commonly  pass  through  rocks  of  unequal 
hardness  and  difierent  mineral  composition.  If,  therefore,  the  op> 
posite  sides  of  such  irregular  fissures  slide  upon  each  other,  that  is 
to  say,  if  there  be  a  fault,  as  in  the  case  of  bo  many  mineral  veins, 
the  parallelism  of  the  opposite  walls  is  at  once  entiroly  destroyed,  as 
will  be  readily  seen  by  studying  the  annexed  diagrams. 


Let  a  b,  fig.  766.,  be  a  line  of  fracture  traversing  a  rock,  and  let 
a  b,  fig.  767.,  represent  the  same  line.  Now,  if  we  cut  in  two  a  piece 
of  paper  representing  this  line,  and  then  move  the  lower  portion  of 
this  cut  paper  sideways  from  a  to  a',  taking  care  that  the  two  pieces 
of  paper  still  touch  each  other  at  the  points  1,  2,  3,  4,  fi,  we  obtain 
an  irregalar  aperture  at  e,  and  isolated  cavities  at  ddd,  and  when 
we  compare  such  figares  with  nature  we  find  that,  with  certain 
modifications,  they  represent  the  interior  of  faults  and  mineral  reins. 
If,  instead  of  sliding  the  cut  paper  to  the  right  hand,  we  move  the 
lower  part  towards  the  left,  abont  the  same  distance  that  it  was 
previously  slid  to  the  right,  we  obtain  considerable  variation  in  the 
cavities  so  produced,  two  long  irregular  open  spaces,  //,  fig.  768., 
being  then  formed.  This  will  serve  to  show  to  what  slight  cir- 
cumstances considerable  variatious  in  the  character  of  the  openings 
between  uoevenly  fractured  surfaces  may  be  due,  such  surfaces 
being  moved  upon  each  other,  so  aa  to  have  numerous  points  of 
contact. 

Most  lodes  are  perpendicular  to  the  horizon,  or  nearly  soj  but 
some  of  them  have  a  considerable  inclination  or  "  hade,"  as  it  is 
termed,  the  angles  of  dip  varying  from  \&°  to  45°.  The  coarse 
of  a  vein  is  frequently  very  straight ;  hut  if  tortuous,  it  is  found 
to  be  choked  up  with  clay,  stones,  and  pebbles,  at  points  where  it 
departs  moat  widely  fixim  verticality.    Hence  at  places,  such  aa  a. 


I,  L.OOgIc 


766  CHEMICAL  DEPOSITS  DI  VEINS.      [Cm.  ECSVIII. 

picTM.  ^S-  769.,  the  miner  complaiiia  that  the  ores  u« 
"  nipped,"  or  greatlj  reduced  in  qnantity ,  the  space 
for  their  free  depoution  having  been  interfered  widL  in 
consequence  of  the  pre-occupkncj  of  the  lode  by  eftrtfay 
inateriBls.  When  lodes  are  many  fathoms  wide,  they 
are  usually  filled  for  the  most  part  with  earthy  matter, 
and  fragments  of  rock,  through  whidi  the  ores  are 
mnch  disseminated.  The  metallic  substances  frequently 
coat  or  encircle  detached  pieces  of  rock,  which  our 
miners  call  "  horses  "  or  "  ridera."  That  we  should  find 
some  mineral  veins  which  split  into  branches  is  also 
natural,  for  we  observe  the  same  in  regard  to  open  fissnres. 

Chemical  depotits  in  veitu. — If  we  now  turn  from,  the  mechanical 
to  the  chemical  agencies  which  have  been  instrumental  in  the  pro- 
duction of  mineral  veins,  it  may  be  remarked  that  those  parts  of 
Assures  which  were  not  choked  np  with  the  ruins  of  fractured  rocks 
must  always  have  been  filled  with  water ;  and  almost  every  vein  has 
probably  been  the  channel  by  which  hot  springs,  so  common  ia 
countries  of  volcanos  and  earthquakes,  have  made  their  way  to  the 
uarface.  For  we  know  that  the  rents  in  which  ores  abound  extend 
downwards  to  vast  depths,  where  the  temperature  of  the  interior  of 
the  earth  is  more  elevated.  We  also  know  that  mineral  vrins  are 
most  metalliferous  near  the  contact  of  plntonic  and  stratified  tor- 
matioDS,  especially  where  the  former  send  veins  into  the  Utter,  a 
circumstance  which  indicates  an  original  proximity  of  veins  at  tbnr 
inferior  extremity  to  igneous  and  heated  rocks.  It  is  moreover  ac- 
knowledged that  even  those  mineral  and  thermal  springs  which,  in 
the  present  state  of  the  globe,  are  Gar  from  volcanos,  are  neverth^- 
less  observed  to  burst  out  along  great  lines  of  npheaval  and  dislo- 
cation of  rocks."  It  is  also  ascertuned  that  all  the  substancee  with 
wliich  hot  springs  are  impregnated  agree  with  those  discharged  in  a 
gaseous  form  from  volcanos.  Many  of  these  bodies  occnr  as  vein- 
stones ;  such  as  silex,  carbonate  of  lime,  sulphnr,  fluor-spar,  sulphate 
of  barytes,  magnesia,  oxide  of  iron,  and  others.  I  may  add  that,  if 
veins  have  been  filled  with  gaseoui  emanations  from  masses  of 
melted  matter,  slowly  cooling  in  the  subterranean  r^ons,  the  cm- 
traction  of  such  masses  as  they  pass  from  a  plastic  to  a  solid  state 
would,  according  to  the  experiments  of  Deville  on  granite  (a  rock 
which  may  be  taken  as  a  standard),  produce  a  reduction  in  volume 
amounting  to  10  per  cent  The  slow  crystalliaation,  therefore,  of 
such  plutonic  rocks  supplies  us  with  a  force  not  only  capable  of 
rending  open  the  incumbent  rocks  by  causing  a  fulure  of  sapper^ 
but  also  of  giving  rise  to  faults  whenever  one  porUon  of  the  earth's 
crust  subsides  slowly  while  another  contiguous  to  it  happens  to  Ret 
on  a  difierent  foundation,  so  as  to  romun  unmoved. 

Although  we  are  led  to  infer,  from  the  foregoing  reasoning,  tiiat 
there  has  often  been  an  intimate  connection  between  metalliferoa 
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TeiDB  and  hot  springB  holding  mineral  matter  in  solndon,  jet  m 
most  not  on  that  account  expect  that  the  contents  of  hot  springs  and 
mineral  veina  would  be  identJcaL  On  the  contrarj,  M.  E.  de  Bean- 
mcHit  baa  judicioaalj  observed  that  we  ought  to  Snd  in  reins  those 
substances  which,  being  least  soluble,  are  not  discharged  b^  hot 
spriogs, — or  that  class  of  simple  and  coraponnd  bodies  which  the 
thennal  waters  ascending  from  below  would  first  precipitate  on  the 
walls  of  a  fiasore,  as  soon  as  their  temperatare  began  slightly  to 
diminish.  The  liigher  thej  mount  towards  the  surface,  the  more 
will  they  cool,  till  they  acquire  the  average  temperature  of  springs, 
being  in  that  case  chiefly  charged  with  the  moat  soluble  substances, 
such  as  the  alkalis,  soda  and  potash.  These  are  not  met  with  in 
Teina,  although  they  enter  so  largely  into  the  composition  of  granitic 
rocks." 

To  a  certain  extent^  therefore,  the  arrangement  and  distribution  of 
metallic  matter  in  veias  may  be  referred  to  ordinary  chemical  action, 
or  to  those  variations  in  temperature,  which  waters  holding  the  ores 
in  solution  must  undergo,  as  they  riae  upwards  from  great  depths  in 
the  earth.  But  there  are  other  phenomena  which  do  not  admit  of 
the  same  simple  explanation.  Thos,  for  example,  io  Derbyshire, 
veins  containing  ores  of  lead,  zinc,  and  copper,  but  chiefiy  lead, 
traverse  alternate  beds  of  limestone  and  greenstone.  The  ore  is 
plentiful  where  the  walls  of  the  rent  consist  of  limestone,  but  is 
reduced  to  a  mere  string  when  they  are  formed  of  greenstone,  or 
"  toad-stone,"  aa  it  is  called  provincially.  Not  that  the  original 
fissure  is  narrower  where  the  greenstone  occurs,  but  becauae  more 
of  the  apace  is  there  filled  with  veinstones,  and  the  waters  at  such 
points  have  not  parted  so  freely  with  their  metallic  contents. 

"  Lodes  in  CornwaU,"  says  Mr.  Jtobert  W.  Fox,  "  are  very  much 
influenced  in  their  metallic  riches  by  the  nature  of  the  rock  which 
they  traverse,  and  they  often  change  in  this  respect  very  suddenly, 
in  passing  from  one  rock  to  another.  Thus  many  lodea  which  yield 
abundance  of  ore  in  granite,  are  unproductive  in  clay-slate,  or  killaa, 
and  vice  verta.  The  same  observation  applies  to  killos  and  the 
granitic  porphyry  called  elvan.  Sometimes,  in  the  same  continuous 
vein,  the  granite  will  contain  copper,  and  the  killas  tin,  or  vice 
vena."^  Mr.  Fox,  after  ascertaining  the  existence  at  present  of 
electric  currents  in  some  of  the  metalliferous  veins  in  Cornwall,  has 
speculated  on  the  probability  of  the  same  cause  having  acted  origin- 
ally on  the  sulphurets  and  muriates  of  copper,  tin,  iron,  and  zinc, 
dissolved  in  the  hot  water  of  fissures,  so  as  to  determine  the  peculiar 
mode  of  their  distribution.  After  instituting  experiments  on  this 
subject,  be  even  endeavoured  to  account  for  the  prevalence  of  an 
east  and  wt^st  direction  in  the  principal  Cornish  lodes  by  their  posi- 
tion at  right  angles  to  the  earth's  magnetism ;  but  Mr.  Henwood 
nnd  other  experienced  miners  have  pointed  out  objections  to  tho 
theory  ;  and  it  must  be  owned  that  the  direction  of  veins  in  different 
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mining  dietricts  Taries  so  entirely  tlutt  it  seema  to  depend  on  lines  of 
fracture,  rather  than  on  the  laws  of  voltaic  electricitj'.  Neverthe- 
less, as  different  kinds  of  rock  would  be  often  in  different  electrical 
conditions,  we  maj  readily  believe  that  electridtj  must  often  gorem 
the  arrangement  of  metallic  precipitates  in  a  rent. 

"  Z  have  observed,"  says  Mr.  B.  Fox,  "  that  when  the  chloride  of 
tin  in  solution  is  placed  in  the  voltiuc  circuit,  part  of  the  tin  is  de- 
posited  in  a  metallic  state  at  the  negative  pole,  and  part  at  the  positive 
one,  in  the  state  of  a  peroxide,  sndi  ae  it  occurs  in  our  Combh 
mines.  This  experiment  maj  so^e  to  explain  why  tin  is  found  con- 
tiguous to,  and  intermixed  with,  copper  ore,  and  likewise  separated 
from  it,  in  other  parts  of  the  same  lode."  * 

Relative  age  of  the  different  metaU. — After  duly  reflecting  on  tlie 
facts  above  described,  we  cannot  doubt  that  mineral  veins,  like  emp- 
tions  of  granite  or  trap,  are  referable  to  manj  distinct  periods  of  the 
earth's  history,  although  it  may  be  more  difficult  to  determine  tbe 
precise  age  of  veins ;  because  they  have  often  remained  open  for 
ages,  and  because,  as  we  have  seen,  the  same  fissure,  afler  having 
been  once  filled,  has  frequently  been  re-opened  or  enlai^ied.  Bat 
besides  this  diversity  of  age,  it  has  been  supposed  by  some  geologists 
that  certain  metals  have  been  produced  exclusively  in  earlier,  others 
in  more  modem  times, — that  tin,  for  example,  is  of  higher  antiqni^ 
than  copper,  copper  than  lead  or  silver,  and  all  of  them  more  ancient 
than  gold.  I  shall  first  point  out  that  the  &Gts  once  relied  upon  in 
support  of  some  of  these  views  are  contradicted  by  later  experienm^ 
and  then  consider  how  fiu*  any  chronological  order  of  arrangement 
can  be  recognised  in  the  position  of  the  precions  and  other  metals  in 
the  earth's  crust. 

In  the  first  place,  it  is  not  true  that  veins  in  which  tin  abminds 
are  the  oldest  lodes  worked  in  Great  Britun.  The  government  sur- 
vey of  Ireland  has  demonstrated,  tbat  in  Wexford  veins  of  oof^er 
and  lead  (the  latter  as  usual  being  ai^ntiferons)  are  much  older 
than  Ihe  tin  of  Cornwall.  In  each  of  the  two  countries  a  verr 
similar  series  of  geological  changes  has  occurred  at  two  disthtct 
epochs, — in  Wexford,  before  the  Devonian  strata  were  deposited ; 
in  Cornwall,  after  the  carboniferous  epoch.  To  begin  with  the  Irish 
mining  district :  We  have  granite  in  Wexford,  traversed  by  granite 
veins,  which  veins  also  intrude  themselves  into  the  Silurian  strata, 
the  same  Silurian  rocks  as  well  as  the  veins  having  been  denuded 
before  the  Devonian  beds  were  superimposed.  Next  we  find,  in  the 
same  county,  that  elvans,  or  straight  dikes  of  porphyritic  granite^ 
have  cut  through  the  granite  and  the  vdna  before  mentioDed,  bat 
have  not  penetrated  the  Devonian  rocks.  Subseq'uently  to  these 
elvans,  veins  of  copper  and  lead  were  produced,  being  of  a  date  ev- 
tainly  posterior  to  the  Silurian,  and  anterior  to  the  Devonian ;  for 
they  do  not  enter  the  latter,  and,  what  is  still  more  decisive,  streak* 
or  layers  t£  derivative  copper  have  bees  found  near  Wexford  is  de 
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Devonian,  not  &r  icom  points  where  mines  of  copper  ftre  mrked  in 
the  SUmiBD  strata.* 

Although  the  precise  age  of  snch  copper  lodea  cannot  be  defined, 
we  may  safely  affirm  that  they  were  eitb«r  filled  at  the  close  of  the 
Siluriaii  or  commencemeat  of  the  Devonian  period.  Besides  copper, 
lead,  and  silrer,  Uiere  is  some  gold  in  these  ancient  or  primary 
metalliftirous  veins.  A  few  fragments  also  of  tin  found  in  Wicklow 
in  the  drift  are  supposed  to  have  been  derived  from  veins  of  the 
same  age-f 

Next,  if  we  tnm  to  Cornwall,  we  find  there  also  the  monnments 
of  a  very  analogona  sequence  of  events.  First  the  granite  was 
formed ;  then,  about  the  same  period,  veins  of  fine-grained  granilfi, 
often  tortuous  (see  fig.  744.,  p.  705.),  penetrating  both  the  outer  crust 
of  granite  and  the  a^oining  fossiliferous  or  primary  rocks,  including 
the  coal-measures ;  thirdly,  elvans,  holding  their  course  straight 
through  granite,  granitic  veins,  and  fossiliferous  slates -,  fourthly, 
veins  of  tin  also  containing  copper,  the  first  of  those  eight  systems 
of  fissures  of  different  ^es  already  alluded  to,  p.  761.  Here,  then, 
the  tin  lodes  are  newer  than  the  elvana.  It  has  indeed  been  stated 
by  some  Cornish  miners  that  the  elvans  are  in  some  few  instances 
posterior  to  the  oldest  tin-bearing  lodes,  but  the  observations  of  Sir 
H.  de  la  Beche  during  the  survey  led  him  to  an  opposite  conclusion,' 
and  he  has  shown  how  the  cases  referred  to  in  corroboration  can 
be  otherwise  interpreted.}  We  may,  therefore,  assert  that  the  moat 
ancient  Cornish  lodes  are  younger  than  the  coal-measures  of  that 
part  of  England,  and  it  follows  that  they  are  of  a  much  later  date 
than  the  Irish  copper  and  lead  of  Wexford  and  some  adjoining 
counties.  How  much  later,  it  is  not  so  easy  to  declare,  although 
probably  they  are  not  newer  than  the  beginning  of  the  Permian 
period,  as  no  tin  lodes  have  been  discovered  in  any  red  sandstone 
of  the  Foikilidc  group,  which  overlies  the  coal  in  the  south-west  of 
England. 

There  are  lead  veins  in  the  Mendip  hiUa  which  extend  through 
the  mountain  limestone  into  the  Permian  or  Dolomitic  conglomerate, 
and  others  in  Glamorganshire  which  enter  the  lias.  Those  worked 
near  Prome,  in  Somersetshire,  have  been  traced  into  the  Inferior 
Oolite.  In  Bohemia,  the  rich  veins  of  silver  of  Joachimsthal  cut 
through  basalt  containing  olivine,  which  overlies  tertiary  lignite,  in 
which  are  leaves  of  dicotyledonous  trees.  This  silver,  therefore,  is 
decidedly  a  tertiary  formation.  In  regard  to  the  age  of  the  gold  of 
the  Ural  Mountain^  in  Russia,  which,  like  that  of  California,  is  ob- 
tained chiefly  from  auriferous  alluvium,  it  occurs  in  veins  of  quartz 
in  the  schistose  and  granitic  rocks  of  that  chain,  and  is  supposed  by 
MM.  Murchison,  De  Yemeuil,  and  Keyserling  to  be  newer  than  the 
syenitic  granite  of  the  Ural — perhaps  of  tertiary  date.     They  ob- 
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•erre,  that  no  gold  hai  j^et  been  found  in  the  Permiftn  eonglomenttec 
which  lie  «t  the  base  of  the  Ural  Hoontainti,  aJthongh  large  qaantitiee 
of  iron  and  copper  detritua  are  mixed  with  the  pebUea  of  those 
Permian  strata.  Hence  it  aeems  that  the  Uralian  qaartz  Jtitu,  con- 
taining gold  and  platinnm,  were  not  formed,  or  certainly  not  exposed 
to  aqueous  denndstion,  dnring  the  Fermiui  erm. 

In  the  anriferoae  allnviam  of  Rassia,  California,  and  Anatralia,  tba 
bonei  of  extinct  land-qaadrapeds  hare  been  met  with,  thoae  of  the 
mammoth  being  common  in  the  gravel  at  the  foot  of  the  Ural  Moan- 
tains,  while  in  Australia  thej  consist  of  hugemarsopials,  some  of  them 
of  the  itse  of  the  rhinoceros  and  allied  to  the  liriug  wmnbat.  The^ 
belong  to  the  genera  Diprotodon  and  Notothertnm  oF  Profeasor  Owen. 
The  gold  of  Northern  Chili  is  associated  in  the  mines  of  Los  Hornoi 
with  copper  pyrites,  in  veins  traversing  the  cretaceo-oolitic  fbmia- 
tions,  BO  cialled  becaose  its  fossils  have  the  character  partljr  of  the  cre- 
taceoas  and  partly  of  the  oolitic  fauna  of  Europe."  The  gold  found 
in  the  United  States,  in  the  mountainous  parts  of  Virginia,  North 
and  South  Carolina,  and  G-eorgia,  occurs  in  metamorphic  Silorian 
strata,  as  well  as  in  auriferous  gravel  derived  from  the  same. 

Gold  has  now  been  detected  in  almost  every  kind  of  rock,  in  sl^t^ 
quartzite,  sandstone,  limestone,  granite,  and  serpentine,  both  in  Teins 
and  in  the  rocks  themselves  at  short  distances  from  the  runs.  In 
Australia  it  haa  been  worked  successfully  not  only  in  alluvium,  bat 
in  veinEtones  in  the  native  rock,  generally  consisting  of  Silurian  shales 
and  slates.  It  has  been  traced  on  that  conUnent  over  more  than 
nine  degrees  of  latitude  (between  the  parallels  of  3CP  and  39°  S.). 
and  over  twelve  of  longitude,  and  yielded  in  1653  an  annual  supfdy 
equal,  if  not  superior,  to  that  of  California ;  nor  is  there  any  apparant 
prospect  of  this  supply  dimlnUhing,  stilt  leas  of  the  exhaastioo  of 
the  gold-lielda. 

It  has  been  remarked  by  M.  de  Beaumont,  that  lead  and  aome 
other  metals  are  found  in  dikes  of  basalt  and  greenstone,  as  well  as 
in  mineral  veios  connected  with  trap  rocke,  whereas  tin  is  met  with 
in  granite  and  in  veins  associated  with  the  granitic  series.  If  this 
rule  hold  true  generally,  the  geological  position  of  tin  in  localities 
accessible  to  the  miners  will  belong,  for  the  most  part,  to  rocks  older 
tiian  those  bearing  lead.  The  tin  veins  will  be  of  higher  relative 
antiquity  for  the  same  reason  that  the  "underlying"  igneous  for- 
mations or  granites  which  are  visible  to  man  are  older,  on  the  whole, 
than  the  overlying  or  trappean  formations. 

If  different  seta  of  flssures,  originating  simultaneously  at  diSarent 
levels  in  the  earth's  crust,  and  communicating,  some  of  them  with 
volcanic,  others  with  heated  plutonic  masses,  be  filled  with  diSiareot 
metals,  it  will  follow  that  those  formed  fiulhest  from  the  sar&ce  will 
usually  require  the  longest  time  before  they  can  be  exposed  saper- 
ficially.     In  order  to  bring  them  into  riew,  or  within  reach  of  the 
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niner,  >  greater  mdoudI  of  npheavftl  and  denudatioD  nnsttakeplaoe 
in  proportion  as  they  have  lain  deeper  when  first  nioved.  A  con- 
siderable HTteB  of  geological  rerolationa  maet  interrene  before  any 
part  of  the  fissure,  which  has  been  for  ages  in  the  proximity  of  the 
platooic  rocki,  so  as  to  receive  the  gaaea  discbai^ed  from  it  when  it 
was  cooling,  can  emerge  into  the  atmoephere.  But  I  need  not  enlai^e 
on  this  Bubject,  aa  t&e  reader  will  remember  what  wa<  said  in  the 
SOth,  34th,  and  37tb  chapters,  en  Uie  chronology  ft  the  rolcanio  and 
faypogene  formations. 

Concluding  BtMarh*. — The  theory  of  the  origin  of  the  bypogene 
rocki,  at  a  Tanety  of  saccessire  periods,  as  expounded  in  two  of  tbe 
chapters  just  cited,  and  still  more  the  doetrine  that  such  rocks  may 
be  DOW  in  the  daily  course  of  formation,  has  made  and  still  makes  its 
way,  but  slowly,  into  faronr.  The  disincUnatioii  to  embrace  it  has 
arisen  pwtty  from  an  inherent  obecnrity  in  the  very  natnre  of  the 
evidence  of  plotonio  action  when  developed  An  a  great  scale,  at  par- 
ticalar  periods.  It  has  also  sprang,  in  some  degree,  from  extrinsic 
considerations;  many  geologists  having  been  unwilling  to  believe  the 
doctrine  of  tranaformatjon  of  fosailifereus  into  crystalline  recks,  be- 
cause tbey  were  desirous  of  finding  proofs  of  a  beginning,  and  of 
tracing  back  the  history  of  onrter  raqueeas  system  to  times  anterior 
to  the  creation  of  organic  beings.  But  if  these  expectations  have 
been  disappointed,  if  ve  have  found  it  impossible  to  assigna  limit  to 
tfaat  time  throughout  which  it  has  pleased  an  Omnipotent  and  Eternal 
Being  to  manifest  His  creative  power,  we  hav«  at  least  succeeded 
beyond  all  hope  in  carrying  back  enr  researches  to  times  antecedent 
to  tbe  existence  of  man.  We  caa  prove  that  man  had  a  beginning, 
and  that  all  thespeciesnowcontemporary  with  man, and  many  others 
which  preceded,  had  also  a  beginning. 

It  can  be  shown  tkat  the  earth's  surface  bos  been  remodelled  again 
and  again;  mountain  chains  have  been  raised  or  sunk;  vatleyB 
formed,  filled  up,  and  then  re-excavated  ^  sea  and  hnd  have  changed 
pliKies  ;  yet  throughout  all  these  revolutions,  and  tbe  conseqsent 
Alterations  of  local  and  general  climate,  animal  and  vegetable  life 
has  been  sustained.  This  has  been  aecemplisbed  without  violation 
of  the  laws  now  governing  the  organic  creation,  whether  the  succes- 
aion  of  living  beings  has  been  brought  about  by  tbe  tranemntatioB  of 
species,  or,  as  some  contend,  by  the  abrupt  introdnction  int*  the 
earth  from  time  to  time  of  new  plants  and  anima)s>  each  sssemblage 
of  new  species  must  have  been  admirably  fitted  for  the  new  states  of 
the  globe  as  they  arose,  or  they  would  not  have  increased  and  mul- 
tiplied and  endured  for  indefinite  periods. 

Astronomy  has  been  unable  to  establish  the  plurality  of  habitable 
worlds  throughout  space,  however  iavourite  a  subject  of  conjecture 
and  speculation  ;  but  geology,  although  it  cannot  prove  that  other 
plftneta  are  peopled  with  appropriate  races  of  living  beings,  his  de- 
moDstrated  the  truth  of  conclusions  scarcely  less  wonderful, —  the 
«3:i6teDce  on  our  own  planet  of  so  many  habitable  sur&cee,  or  worlda 
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w  the7  hftve  been  called,  each  dittinct  in  time,  and  peopled  with  ita 
peculiar  races  cf  aquatic  and  terrcBtrial  beingB. 

The  proofs  now  accumulated  of  the  close  analogy  between  ex- 
tinct and  recent  species  are  such  as  to  leave  no  doubt  on  the  mind 
that  the  same  harmony  of  parts  and  beauty  of  contrivance  which  we 
admire  in  the  living  creation  has  equally  characterised  the  organic 
world  at  remote  periods.  Thus  aa  we  increase  our  knowledge  of  the 
inexhaustible  variety  displayed  in  living  nature,  and  admir«  the  in- 
finite wisdom  and  power  which  it  displays,  our  admiration  is  mnlti* 
plied  by  the  reflection,  that  it  is  only  the  last  of  a  great  series  of 
pre-existing  creations,  of  which  we  cannot  estimate  the  number  or 
limit  in  times  past.* 
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